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Activities which st.udy how water is used^ 
contaminated^ and treated .or purified are presented in this 
curriculum guide^ culminating in the investigataon^ of a local water 
quality problem. Designed as a 12 week mini-course^ for students in 
grades eight and nine^ the guide first presents a review of the 
content, objectives ^ major concepts^ and sources for student 
reference materials. Major topics or units of study are titled: 
Water^ a Renewable Resource (Hydrologic Cycle) ; Is Water a Renewable 
Resource?; Scientific Analysis of Local Water Quality; and A Local 
3tudy of Water Quality, . Each unit is composed of a series of pre*^ 
major^ and post-activities beginning with a general overview 
indicating title of the unit^, purpose or objective^ abstract of 
content^ and unit schedule of activities^ including time allotments. 
Individual activities enumerate^ where appropriate^ background 
information^ major points to emphf-^ize^ questions or quizzes, 
teaching procedures^ materials required, and supplemental activities 
or information. A variety of media and processes is suggested to 
allow for flexibility. This work was prepared under a contract for an 
ESEA Title III project, "Environmental Science Study Curriculum." 
(BL) 
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PUBLISHER'S NOTE 



Environmental Science Study Curriculum, (ESSC) is an 
ESEA Title III project funded through the State of North 
CaroJina. . One purpose of project ESSC is to develop a 
curriculum in environmental education at the eighth and 
ninth grade levels^ The structure of the curriculum is 
based on the mini-^course design. Currently, there are six 
twelve-week mini-courses, "Water Quality Control" being 
one such course c Although the materials contained herein 
are designed for the specified grade levels, they could 
be utilized over a wider span of grades with relatively 
little revision. 

Another purpose of the project is to review as much 
of the available and existing materials as possible and to 
utilize them wherever possible. Therefore, not all of the 
materials and ideas contained herein are the original work 
of Project ESSC, rather some of this material i^ the result 
of using, evaluating, reworking, combining, synthesizing, 
and re-evaluating existing materials from many varied 
sources. It is for this reason, however, that we are un- 
able to credit all the original sources on those materials 
that are not original ideas of Project ESSC. 

It is the hope of Project ESSC that this material and 
these unit plans are presented in such a manner^ that they 
will be readily usable^* This entire course or any part 
thereof may be reproduced without any further permission 
from Project ESSC. However, we do ask that credit be given 
if the total course is reproduced. 
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ENVIRONMENTAL QUAI.ITY CONTROL - WATER 

There are many ways this course can be ''taught Conse- 
quently several d fferent me thods aTe^i ven for many of the 
activities, as well as alternative a^t^tlvi t i es . It is sug- 
geste'd that you read through the course in its entirety so 
that you will become familial with the general idea of the 
course content* Once involved in the course your direction 
will become evident (based on your students' abilities, com- 
prehension, and receptiveness to the activities)o R^^lizing 
that some individuals will have different time allotments 
a great wealth of possible (and ''workable ) materials is 
given^ It cannot all be done in twelve weeks; it doesn't 
have to. be^ You must decide what to include in your course, 
and what must be eliminated^ to assist yOu m mapping out 
your schedule, approximate time periods for many of the 
activities are given. Naturally these can be adjusted de-' 
pending on your students' response to the materials » 

AHSTRACT 

Students learn how water is used and contaminated; the 
effects of many pollutants on natural ecosystems; how to de- 
tect the presence of. several common pollutants; and how some 
pollutants may be reinoved or eliminated by both natural and 
artificial processes. Students then select and investigate 
a local water quality problem. This problem is identified 
and defined as completely as possible^, and a plan for sol- 
ving it is formulated and implemented^ recognizing and ac- 
comodating the ecohomic^ political , sociological j> scientific , 
and natural factors • 



OBJECTIVES 

For students to gain the skills necessary to recognize 
water pollution. 

For students to be cognizant of the various channels 

open for bringing about environmental change and the 
constraints produced bj^ tlie interaction of social, 
political 5 and economic factorSo 

For students to be cognizant of tae interrelationships 
of the causes and effects of water pollution. 

CONCEPTS 

a-' defining environmental pollution 

b« identifying a water pollution problem with emphasis on: 
where to look; what_t6 look for; how to test for 

c, the causes and effects of water pollution 

do achieving environmental change (channels) 

e. the interaction of social , political, and economic 
factors and the constraints they may produce 

'^MATERIALS 

Because there is a wealth of ref.erence material avail- 
able, the bibliographies are very longo We have found, how- 
ever, that we can effectively teach the course without the 
reference material a These references can be considered sup- 
plemental (i^e,, for the academically advanced student) and 
not essential o If- you write the following agencies you will 
receive gratis all' the student reference materials you will 
need: 

Charles Pou 

Environmental Protection Agency 
Public Affairs Office 
Region k Office 
1^421 Peachtree Street, NoE<, 
Atlanta, Georgia 30309 ' 
' Phone 40^«526-^3004 



P 0. liox 2091 

Rcileiiili, NliMU; •''^iroliiui 27^02 laddress U) vour slate 

cap J I a I )* 

State Knvi r onmeiM a 1 Ft o ! oc l loii Ageticies 

Depar imetu of Na i ural and lii onomi c Resources 
F 0 Box 27oS7 \ 
HaJ eigiu North Carol ina 27b M . 
Phone 9^9-^29"^9fe^ 

North CarolJ-jia Water Pollution Control Association 
, P 0 Box !i2^ 

Chapo! Hit I. Nor!h Carolina 2ry'i'T^ • 

Ci 1 1 zens Advi sury Commi i t eo on Envi ronmen tal Qua! 1 1 y 
1 700 Poiuisy I van i a Avenue , N W 



Wash ni£> ion, I) C 



20006 



A final sug^'esuori for keeping eos«s a« a minimum io to 
contact ono or all of the following when you rtM|u'il c small 
amounts of hpecialt'/.ed equipmen» and supplies: nearby 
universities; community colleges or technical institutes;- 
county health depar i wea t ; regional slate water pollution 
control lab (in N C ii's the Board of \\^1 ei and Air Re- 
sources); municipal water treatment plant. , 
Please m Is i lo the fo 1 I owi iiu pages befoi^e the start of 
the course so i ha ; .necessary equ i pmcn t ♦ supp * i es , and 
raateriais will he available when »hey are needed. 



Films 

E(jui pmen t and 1 1 t\s 



1,50 

Unit 1: in, 16, 18, 20 

Unit II: 33* 69-71 

Unit li i : 87-88, 98-105 



UNIT T SCHEDULE 



Activity I 



Activity II 



Films 



WHAT IS WATER? 
Introduc t ion 
Characteristics 5 

sources, needs of 

water 

Film: "Waxer Famine" 
(North Carolina State 
Board of Health) 



2-3 periods 



THE HYDROLOGIC CYCLE 
Research (1-2 periods) 
Lab and film ("George 
Washington's P.iver"; 
North Carolina Wild- 
life Resources Commission) 
Discussion 
Quiz 



k ^ 6 periods 



Activity I 



"Water Famine", 
North Carolina 
State- iaoard of 
Health-55 minutes 
Free 



Activity II 



"George Washington 
River;' North Caro- 
lina Wildlife Re- 
sources Commission 
25 minutes 
Free 



To the teacher 



The schedule given is for nine periods but it can be 
adjusted depending on the aUility of the students. 
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r.>JT ; PLAN 

UNIT I TIFLEi WAFER, A HtSRWv^ K UESOIHCE (HMmoLOfilC CYCLE) 
TIME: b.y pi^r loUs 
KUPOSE OR OBJEXI IM' 

For SMI (Inns ro f.* im" k n-iv, m d ^ < i )f the souiccs of 
water, or the phoH*^- ; hvcl! .hkI how why 

biological and physuoj r>M«-^ jfrcr.u* in t ht? i yr. I f. • Uti- 
lizing the knowleiiiie qmm\x(S, uiil btvable Tormu- 
late op j nions 1 I cM i ug r j wii\ r iit- 1 e » ^ a v i i a j m for 
qual it y wat er^ 

By performing c er Icj i ti in 1 1 1 1 1 , f>s s ? udeu t s wi 1 1 develop 
skills, in dev^isi n2j, uigani/iai? ^oi forming, and analyxxng 
scientific experimeni^^, 

ABSTRACT - , 

Through ihe use of xanoKf; \.sn.. i ni,ds (books, tapes, 
experiments) .!ihJ (ii?rtissions Use iiatuin! functioning of 
the hydrologie eye Is? is s? > u(! .-'•(! , 

The students petf>im expt jinipms Kh!(,b deraonsirate the 
water cycle. By perfonuuiji ihe!^*- exiJeMmeiits, ^students are" 
provided an acti\ny wh i i.h e\en thuugh closely teacher-di- 
rected (since ii is th», fus. dc!)\>ty ui the course) allows 
ajiple opportunity foi rue <Jev ^ i ,,{;mt>nr of student imagination 
and analytical abiliry. 



FILMED FROM BEST AVAILABLE COPY 



t i 



"I 

.ft. vt 



. t * s 
ivJi I ! e 
.J 



* 1 t SI 



! «MUl«l ) s 

Wit nut I 
•raves, 

.in 



J- 



nil. 
■ * of 



* ik food, 
' :f) . rool , 

1 t i-U too J ; 



^ ' : FILMED FftOR BEST^AVAlU^^ 



Allow approximately four raiimtes fur all students 
to grite a paragrapn explaining why the study of 
water pollution is impv)rifanT« Students should 
Include inf onua r i on co He cted above in the para- 
graph. (This ac'^'iviiy is optional.) 

Day 2: Film "Water Famine''. 55 minutes^ North Caro- 
lina State Board of Health 

Introduction to The filttu This film presents 
why we have a^xourse called '*Water Quality Con- 
trol'*. Fay close artention: It is not an en- 
joyable film. It is the cold^, hard truth about 
the water fj^initi^* 

Suggested quesxions fyr rhe film 

Would we baA*e enough water if the water wasn't 
polluted? 

Why have water problems become so serious? 

What aie some thi'igs that- cause the "water famine'*? 

How^ can we solve our water problem? 

Day 5: Allow students time to research reference mater- 
ials on the hydrologic cycle. Students should 
give the following information: title of the 
booky pages read. noTe« or a brief summary of 
the material. 

The purpose of -che research period is for students 
to learn about the different phases of the water 
cycle. 

- A simple pretest on the hydrologic cycle miy 
indicate "Day 5" unnecessary or needed by ondy 
some of the students^ . ^ 

Additional reading requirement: Refer to supplement #2, 
HgO and Key 
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I I I lvMh\ ' . 

WATER 

American l?.dric; ion Fub;,..! THIjOlKMS AND 

PliOORESS i97i ^ 1^ H'^) .c; ; v; 

American Educr^-icu; }ii<Mi.o- asH H B\\ ftOi\ME^{r 

\ PART 1 i "i 97 1 ^ ' ^ ^ ^' ' > • ^ 

Company Juf:t » ^^i>*> . 



Archer . S^i U r 0 !Ia! V R- \ tliS V\J »tb>fiR^ OiRS C^»ward- 

Bishop. Maigarr-: i>' ^ .i }ri(;S ^hS E.^'^TH SCIE.N'Cfi' 

Char ^ Mr- ? : .» i i i-i:-^. - ^ . i,:: ( ati) mw- i 9^^^ 

Black, Irmtr Sinr>x; 'jii rU'-;V v^'ithR h l 1m? .ii & C«'>iRpany^ 

Clarke. G^oig*: \ ELJL^iiL\^S '-^ r i j -rif, t6^ & 

Sons J Enc iv'>*i ^ bp ^^1£.^. :>i wa?8ri 

clip> ^\ gptx; rai i nf >rm.; . ir.^. n *v\; i:i 

Goraraoner, B3m\ SC It \i £ \S D .^iR'v?\ - [r. v.. King Press.; 
Ma\% 1970. pas. i - * ,< - poiMJii::-xi. 

Coufal, Jr^nies E Ra:n*JBR RJt k s \ R£, MAir^ZlNfi APRIL 
1972 ^ Na * : .yiid s \h \ rJ • \ \ • i- r jr . ^ i ti ^ lO r > . 

Eisman^ Lovis ctiKl th.tiJf < :-i./t. ^5 L-.'.r^ aNi) HUMAN 
PROGRESS P?^n!J<. f H ^i. ir. .r-^; ' ' 

Earth Scjenee CtUiicniuin Vi ^'i. iX*. it /v . NG THE EaRI'H 
Houghton MitfLin \ j {^J^^- \, 

Hcimier, Chi-irics M?i\i?f:h^ ; L Cr^rj.cS E^ 

Me:i ! JL i I Bouks , J m : 

Huraphrev Ciiifi)*! o^jti Ru* w j., Wq'Al SECO/.OGY, 

HtiOb jrd f-r^ i'->7 » £ ^ < x ^ ^ i ^ . . r.p *i wattfr 

bioraes .jrn! I I. u» i -.-^r 

Lowe ry . f .rjw> r: ra > T i i.-^l. {) - ' \ - t ; JS a*VAJA Hs>i t c 



Sons, In. , ' b--. 
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Supplenent #1 (Cont. ) 

National Audubon Society, AUDUBON ENCYCLOPEDIA VOLUME II, 
The Curtis Publishing Co., 1971. 

Needhan, Jaaes G. and Paul R,, A GUIDE TO A STUDY OF FRESH 
WATER BIOLOGY, Holden-Day, Inc., July 1970, explains 
how to conduct water sutudies and how to identify 
organisms > 

Otto, Jaaes H. and Albert Towie, MODERN BIOLOGY, Holt, 

Rinebart and" Winston, inc. ,..1965, p. 664 water cycle. 

Parker, Bertlia Morris, WATER, Harper and Row, 1966. 

Parker, Bertha Morris, WATER SUPPLY, Row, Peterson & 
Co., 1958. 

Peterson, Ottis, JUNIOR SCIENCE BOOK OF WATER, Garrard 
Publishing Coapany, 1'966. 

Reid, Gerog? K. Ph.D., POND LIFE: PONDS AND LAKES, 
Golden Press, 4 967,'^ p. water; p^ 10 habitats; 
p. 22 fo6d webs; p. 24 succession^ 

sLallwood, Williaa L. and Edna R. Green, BIOLOGY, Silver 
Burdett Co. I966.. 

Sorvall, Vivian, .OUR TROUBLED WATERS, Pendulua Press, Inc. 
1971, pgs. 15-23. 

U. S. Departaent of the Interior, WATER OF THE WORLD, U.S. 
Governaent Printing Office, 1969, explains the water 
cycle and supply. 

U. S. Departaent of the Interior, WHAT IS WATER, U.S. 
Governaent Printing Office, 1969. 

Villee, Claude A. et. al., GENERAL ZOOLOGY, W. B. Saunders 
Co., 1963. 

Wagner, Richard H., ENVIRONMENT AND MAN, W. W. Norton & 
Co., Inc., 1971, chp, 6 cycling of water.* 
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STEKC II 



SUPPLEMlVr 



Riddie: Mhai has no ool'ir- iir: ^io/ 
Sfrtit m this c i 'J s 35 
cj gas? 

Answer: An lunbreLi.r? 



nv- u^isr € , And i s pre- 
i^o i 1(1, a 1 1 qiiid . and 



The ruid i v cow Id hu y;- a 1 s*: ^ ru l lul ^, a : 

cook v/iih, maniii oc : til 0 . Ui ^ 1;^?% w: , ^ear vm ^. n ^ arcv our 
Tood Kith- remove cur ^-'-j^x^-z Kji'H. ^utv-pi w\ih> lisbt our 



houses \u I h f f igiu > 



our ' ) . :\\h\ <i • a\ <: 1 iv^ wx 



Li 5 1 uses and m!sn*-»-s M-: 



iv'a 
Kj i' 

how 
y CMi 
hoii 



' S F AC E i i • ' be i ^ wou i(! be 
L \ r E on ; h i s pin ns r wi t hou l . ^ - ♦ 
r:v ^ NO i.I['S> ^ , and sti 5 1 most 
us u.se ^„'r w'l ii'iout even ihmk- 

. * \ • i i ' v; h ^: f ^■: it ;?me f ro m , or 
!e -.8 i/ojTtU. 1'o prove I'm 
h . . * wa n • '/au X o 1 j s all the 
s >*'U i:stMl v.'itcM' in Uie past 2^ 
' ^ ' l.f.^ . _'>n /I'iin) yad nil che ways 

iiwsitSfd water i ji the last 2'i 



Now 



where did ihar waici f-onu: from {specifically) 

• own : 




And where did the •used' 

u c: t r- r i: u (not -* down r h e dram") 



' ■ wr^ ; 

f nu u\ y : ^ 

Did you Icnow ihov over l-'^j oi sh:- ^arU^'^ surface is c overed 
w^ich wa.t.rr,? But wa^rj H: ais^» found inKi^^r The ground • 
This IS called d£2.liM lilLjJlL- H^n li ivr;;er sinks into die 
ground unt i i i r reach p3 a ( r- \ \ ^ : n u- ^ e i . Vh: s 1 p v e 1 is 
called riK- yiaie^ la2>L\:- : rhz;^ supply of water. 

In eastern North Caro nt^a : v,;. m abif- r--m<?s very close 
to, or even righ? tu thf^. ??ui fa; ( ^ f t hv ^nr -.h* In ai,her 

OboOO^O^'*^^^^''''' i- 's ^'siv^impy^' or*'und j.-^m Pow m.w ?he water 
tab! 0 whc re \ ou ) > v r^? 
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Supplement #2 (Cont.) 
How did you find out? 




In fact - sometimes the waxer 
coiJ^f^ table is higher than the ground. 
-taJa^^ This forms a 

Ard did you also know there is a river flowing under you 

right now? It's called an aquifer.^ It flows all the way 

from the mountains do^m to the ocean<, 

under the grounds pushed • C"/^ weight 

of the soil above it, y^^^^'J^y^ pulled to 

lower levels by gravity ,^^'^1^ and fed by 

water seeping into the ground. The water in the aquifer 

runs through porous rock that actually resembles a sponge 

in many ways (except it-s hard). Wells tap aquifers. 

ask Texas Gulf Sulfdr! 

What happens to the rain and snow that 
DON'T seep into the ground to feed 
aquifers or to form the ground water: 




BUT - where does water come from originally - 
the clouds? 

the ocean? 

the rj vers? 

the ground? 

under the ground? 

FIVE THOUSANDS YEARS AGO. . . 
when the fiery ball of gases was cooling to form our planet, 
there were billions upon billions of tiny^ invisible water 
molecules forming. Being very light, they mainly stayed 
as a gas above the heavy metals that were cocling and solid- 
ifying to form our "ground". As the earth continued to cool, 
much of this water vapor or gas condensed to form the first 
raindrops^ And then it rained for thousands - no hundreds 
of thousands of years! Until the oceans filled and the 
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Sitpplemein '2 U ont ^ ) 

water flowed from mou]i*c)in pfoks in millions of creeks ami 
r i V e r s ♦ 

Always J bXin ti-'.n^ to the ocean ^ 
But rto€S e V r y v molecule oT wjiei '*ho* falls as raxn rexurn 
to hf ocean? NOT HaRDLi ' 

Onl\ abont 25% ol all rh t t ai-n rh^^r fans returns to the 



orr^c-ii. So ivhfrt doe 



/ "'fr of the wa^rr go? 




Thfre arr SO MANY j liXji Idi.^ s ^.u i eaU about wa^er, 
Yei ONE fac"^ Icscinatis mv |.a r ^ * Oi'i aii > « • ♦ and tins one 

£2iLl.i .->pell our du.aii; FAT f Tht- very water -YOU 
brushed voui vpf rh ivi^rh ih-t? merrnng could have quemd)ed 
__the thirst of a ^.ran? dilrl:v^^^iUJ;^ millions of years ago'.'i 

}:^ oniER WORDS 
RK ON PAUm RIGHT NOW ALL THE 
WATER TfiERE EVER WAS, • , . • . o . 
EVER WILL BE WATER 

\'or beintt made water only 

Now you explain why zhis far- mav 'spell our doom*'^ 
(use the hack of ihe paper please) * 

0*K,, 11 •$ your turri Wnat une * i about watei intrigues 
you the mos^? {answi-r i ha^. k; 




0 



) 



ERIC 
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SUPPLEMENT #2 

Key For HO Handout 

2. 



PAGE 1 



Uses ol water ; produce electricity; wash clothes, dishes^ 

teeth, body^ car? etc.; use to heat with; 
to drink, to~cook with; flush the toilet; 
, forHransportation; to make paper 

Misuses ! let faucet drip; let faucet run needlessly.; filled 
bathtub full of water for a bath; used phosphate 
detergent; washed small loads of clothes; left 
lights on needlessly (uses electricity which is ^ 
generated by water) 

* Vhere water comes from ; town - 

county - 

^ Where used water goes ; town t 

county - 

^ Depth of water table ; 

How to find out ; information available from the local 

Heal th Department , county agricultural 
agent or the Soil Conservation Service 



PAGE 2 



What happens to rain and snow ; evaporate^ , runoff into 

streams and rivers,' used 
by plants and. animals 

Other 75 %x evaporates, becomes groundwater, used by' 
organisms, farms lakes, rivers, creeks 

Spell our doom ; We are adding chemicals that cannot be 

removed from the water. We are adding 
too many pollutants too last (too many 
cities are making too many demands upon 
a river or water supply)* The water cy- 
cle does not cycle fast enough and some 
pollutants are inever removed. We will 
always have water , but not necessari ly 
usable wa t er ! 

Fact ; Student answers will vary! 



specific answers are given as Ihey will depend upon your 
locale. 



11 
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U\n I: WATER, A RE\EWABJ.E RESOURCE (HYDROi.OUlC CVCLE) 

A<.. ii viiy II 
The llydi: 0 I ogic Cycle 

'1 5 periods 

mus ciciivity revolves around a lab in which tlie students 
nil! build scientific models iilustrating the hydrologic 
ry.' le^ the method by wliich vater is replenished in nature 
Wuikjng in groups, students set up the raodels, answer 

questions on their lab sheer, and then expicun their 
ajoilel to the whole class. 

MATERIALS 

Relerence books: Refer to supplement #1, Bibliography - 
Hydrologic .Cycle 

f.ab equipment: Refer to supplement #3 and fk. Lab Sheets 
and Key 

Refer to supplement #5; Teacher Instructions for Lab 
S U) f i ons 

Equipment needs vary depending upon the number of groups 
(the set-up given is based on a class of 2p students) 

PEACHER DIRECTIONS FOR HYDROLOGIC CYCLE LAB 

Before beginning ihe experiments it is most helpful 
lT one period is set aside for students to read about 
or use audio-visua^l materials relating to the hydrologic 
cycle, (This research time is not given in the schedule 
but it can be worked m easily,) 

Copies of the experiments are given (supplement #3)*. 
Ihe class may be divided jnto groups or the students may 
work individually, depending upon available materials and 
student ability. Each group (or student) would do one 
ol the four experiments. The experiments can also be 
adapted to form six stations (this is very workable with 
a large group of students). Instructions for establish-- 
ing the six stations are given in supp 1 ejire-nts #5 and #6, 

The experiments and questions can be completed in 
approximately one to one and one-half periods- With less 
rapiible and inexperienced students a greater amount of 
time is necessary, even as much as two periods^ 
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After compiling and organizing their data, each group 
(or student) should set up their experiment and explain 
it to the rest of the class* All students take notes; 
The discussion of the experiments may require from approxi- 
mately 25 to 55 minutes depending upon student abilities, 

SUGGESTED SCHEDULE 

Day 1: Explain the labs to the students. Allow students 
time to select their experiment and form thej^ 
groups. If time, students begin working on the 
labSu 

Film - "George Washington's River", 25 minutes, 
North Carolina Wildlife Resources Commission 

Pay 2: Students complete their experiments and organize 
and 3 in preparation for their presentations. The pre- 
sentations may require a period to complete. 

Day h: In a discussion with the students, determine what 
renewable resources are and why water i*s called 
a renewable resource. Als6 discuss how the hydro^ 
logic cycle* provides students' homes with water. 
A comparison could be made between those students 
in the class whose water supply comes from wells 
as to tho€B-wh6se supply comes from the town. A 
conclusion to the discussion could be a summarizing 
of all the phases of the water cycle as it occurs 
in Nature. 

Day 5: In conclusiouj, a quiz may be given (supplement #7). 



13 
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DA I E 

COURSE 




Ex{,5j.m8ni I • lilt; Hydrologio Cycle \ 

Pur p use ; to demonstrate the role ^ ^ 
of the sun in. the hydro iogi( "'c ycle 



Materials 



1 bowl or beaker Uear lamp or iOO W light bulb 

i glass pla te wa ter 

Pro eedure 

Set up h)e following equipment: 

' \ l^tjvc the beaker 

^ ...Lrrrr. ^ directly under 

Jarc^^toafcri^-^ C->/t^7 ''^) the light. 

Recoiul your observations {viiat'you see oacur): ^ 
.Time (glass) • Time (droplets )^ 



Discussi on 

Explain yha t happen ed during ibis experiment c Be as 
deiaiied as you can. Read from ihe references if necessary* 
Be prepared to explain this experimeni to the class- 
^Hint: Vri te your -conclusions on Ihe back! 

60TNG FURTHE R 

You have made a "model" in the above experiment The 
model represents a part of the hydr> logic cycle as it occurs 
in nature, but the model is artificial Explain what each 
part of the model actually represents m the outdooi 
envi ronment , 

MODEL IN NAIURE 

bfakor of water = ^ " 

heiu lamp = ^_ 

droi'leis of water on 

.'^1 iiw^S' p la t e = ^ ^ 

spat e between plate 

and water m beaker = 



I 



S- 



I? 



• Supp ie me hit # 3 ( Corit . ) 
QUEST! ONS 

ii What do each of .the following iberins mean. Use your 
bf aiii and a "^^^ * 



evap6ratiori_^ 



condensation . / ^rr^-- 








precipitation 








water vapor . 


. / _ . 






/ 





2« Describe the><hydroldgic c^^^ term^ 

<|jc ; dej|in§d^;i*fq1uest 



t 
I- 

I 

r 
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rPATE 



STENCIL 
SUPPLEMENT #3 

Lab Sheet 
^ NAME 



^ 



tCOURSE 



Experiment 2 - The Hydrologic Cycle 




Purpose ; to demonstrate the role of the in causing the 
alternate evaporation arid condensation 6f water 
that tak^s place on the surface of the ground 



j^Materials 



soil —1 
1 glass plate 
wate^ ' 



1 ii&Wi or beaker 

heat lamp or . 

iO(V ¥ inipan^^ light bulb 



lEroceciure 



Set up the: f oil p^^^^i^ gquipmeri^: 



m iOef 

^Record your^^^Mrvations 
Time (glass) .1 




^Note? Do not 
have the beaker 
directly under 
the light* 



lat you see occur): 
\ Time (droplets) 



Discussion * 

ExplMri what happened during this experiment* Be as 
detailed as you can. Read from the references if necessary. 
Be prepared to explain this experiment. 

GOING FURIHER 

You have made a "model" in the above experiment. The 
model represents a part of the hydrologic cycle as it occurs 
in nature, but the model is artificial. Explain what each 
part of the model actually represents in the outdoor environ 
inent. 
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-V" 



: f 



Siipplenent #3 (Cont*) 

beaker of soil 
K^at lanp 
• droplets of water 

qn ^glass plate 
^ ipad^^^^etweeii soil and 
glass plate 

t Sue 



IN NATURE 



QUESTIONS 

1^ What do each of the following terns mean: 



a 



i 

condensation , J 




III A 




precipitation 








water vapor . 









Describe the^ cycle usi^hg^tte li teris defined 

^ in question #!• . " 



r o 

lERIC 



17 



mii^ fr6m best AVAiiABLE copy 



DATE 



STENCIL 
SUPPLEMENT #3 

Lab Sbeet 
NAME 



COURSE 



ExperiMDt 3 - Th« Hydro logic Cycle 

lose: to d«i6nitrite.tbe hydrologic cycle 



Materia li 




,1 flaik filled with water and stoppered 
bpti pilte ' 
liiat^tubinc 

vrl^l^tindilid-^-^oljAii^^^ 
we^giplpf r-.:tlwJ i " 



-- -_ 



^Procedure 



Set tip the foil owing eqliipient: 




Ricord your obierwi tloni Iwbat you 'see occur); . 

lUfllmiiflri 

Explain what happened duriiut this ei^^riaent. Be as 
df tailed as you canv Read f ron the references if necessary. 
Be. prepared to explain this experiaent to the. class. 



GOING FUR1HER 

1 You liave aade a .'*aodel'* in the above experiaent. The 
iodei represents a part of the bydrdlogic cycle as it occurs 

nature, but the podel is artificial. Explain what each 
gart of the liodel actually represents in the outdoor environ< 
■>nt. * 



--' """" 4»r 

- _- - 



MODEL 
flask of water 
hot plate, 
glass tubing 
collecting Jar 
droplets of water 
entering jar * 



iK NATURE 



'Si 



-7 
'''7i 
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Supplement #3 (Cohfc. ) 
QUESTION S 



2. 




^^^i". - - ----- 




What do each of the fdllowing terms mean: 
evaporation _ _ 



cohdensatibn 



precipitation^ 
watfsr vapor 



Describe the hydrologic cycie using the^^terms defined 
in question #1. 7 'c^^^^^^-^ " 
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DATE 



^COURSE. 



StENfCiL 

- ^ - - 

Supplement #3^ 

Lab Sheet 



NANffi 



Experiment /| . HyUrologic Cycles EVAPOTRANSPI 

Purpose ; to dembhstraie the role of plants, in the hydro^ 
logic cycle r 




OMaterials 



. I 

V burette (haad^ expensive ^ 

1 ringstand^^^^w^^^ clampr ' 

Water 

a twig a4 t ii ie a ves 
siipDex 



^paraffin in 
paint b Jiish 




7 



can ) 

V or vaseline 
"^hot platd ) 
wax pencil / /' 

*Note: First place a beaker of water on the hot 
plate. Place a be^^^^^ the water* 

Allow the paraffin to melt while youj set the 
rest of the equipnient • (pon^t let tjfte paraffin- 
"boil" as';it mi^ht^ fire! iiitin^ish a 

paraffin fire by ^motheTgihp iiot with water ; 
water causes it to explode 1 ) | 



^Note: insert twig care- 
fully into stopper and 
seal with melted pa raff i 
(or vaseline^ using the 
paint brush to transfer 
the paraffin to the 
stopper. ' Make sure the 
end of the twig is at 

. least one inch into the 
water* 



[ Proc edure , / / 



A* lit* a>'7n uf^rer 




Mark the level of the water at the start of the experiment 
using the wax pencil. Note the time. - 



Every 10 minutes mark the level of the water on the burette 
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1= ! 
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; FIEMED FROM BES^^^^^^ 



Supplement #3 (Cont*) 

Record your observatioii (what you see occur) 
DISCUiSSlON 

Explain What happens during thi^ e^erimeiit • Be as 
detailed as you c|ini Read firdm the refer^hciss if necessary 
Be prepared to explain this experiiient to the class* 

GOING FUR1HER 

!• Woiild the hydro! pgic cycle continil^ if there were 
no plants on .the earth?, ( explain ) 



mi 



2. Do aniiais (including humans) 
fiydirbiogic circle? ( ektiiaia ) 



participate in the 



3. Why are ;^iants a part of the water cycle? ( explain ) 



fflJESTIONS 

A. what do each of the following ternis mean: 
evaporation - 



tra nspirati on^ 
water vapor 



condensation 



percipitation. 
perspiration£_ 



2. Describe the hydrologic cyfcle using the six terms defined 
in question #1* 



f 

f 
t 
I 
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SUPPLEMENT #i» . 
Key For Lab Sheets (Hydrologic Cyclejl 
EXPERIMENT #1 

Observatibn: Time (glass) >/arltS ; Time (droplets) ycurto.^ 
The sides of the heaker and the glass plate will become 
"cloudy"., but not if the beaker, is too close to the 
light. 

Discussion: The heat from the lamp causes the water in the 
^eaker to evaporate-. When this water vapor hits the 
pfeool glass, it condenses, if the lamp is too close, 
1 the lamp stays hot and the water remains as a vapor or 
ga s . 



IN NATURE 
represents 3; lake ^ river, mud 
puddle f a pond, or the ocean 

represents the sun 

represent clouds or rain 

represents the atmosphere 



Going Further : 

MODEL 
beaker of water 



beat lamp 

droplets of water on 
the plate glass 

space between plate and 
water in beaker 

Questions 

1 • Definitions 



Evaporation is the change in state of a substance from 
a liquid to a gas. 

Condensation is the change in state of a substance from 
a gas to a liquid. 

Precipitation is falling moisture such as rain, sleet, 
snow, or hail. 

Water Vapor is water existing as a gas in the atmosphere 

2. Explanation of the hydrologic cycle 

condensation 

water vapor 

evap orat i on ( caus ed 
by sun) 

body of water 



22 



FILMED FROM BEST AVAILABLE COPY 



Water e vapor at es from the grou^nd or bodies of water ^ It 
rises^ cooJs. and tond ^ ises 6a particles in tUe air? Under 
eertair! coiidt t,iof}g^va ter^pr eoi p ita t es e There is always- 
invisible vaj^er vaj:?or present in fche'^a tmosphere 



Q>'fg<^TVcifcx Qxi^ Refi-r to experiment r/i es Ibe reeuj ts are 
similar, 

He^er expsrameiii ifi as i/oe resails are 

MODEL IN KATOHE 

beaker of soil represeni^s ^he soil or ground 

Refer experiment #i far Ihe oin^r Mtsvers as r/nese 
are ^he same . 

Questions 

I y Uef ini fcions 

Refer to experiuient #1 as the aus>/er*s are the same.. 

2. Explanation of the hydroiogxo cycle 

Refer to e^vper usient #J as the answers are the sarue^ 



EXPERIMENT #3 

Observa li on; The water boiis in Ibe flask: steam rlses^ 
runs through the tube and droplets of water enter the 

beaker 

Suggestion t Have the s^.udents add a dye (asethyi orange , 
methylene btuej cake coloring) to the flask. Tell the 
students ihis colored vater represen!:3 polluted water* 
Next, ask iho, students what effect might the polialed 
water have on ihe bydrologic eyelet and can the cycle 
always refco^e the pol liiJ^an ts ^ 

Disc ussio n. The heat causes the water in the flask to 

evaporate and move through the tuhejas the water cools 
m the tube- it condenses and fallSj as ^^rain^^^ into 

vhe b^iaker 
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Supplement #^ (Cont.) 

Going Furthe r 

MODEL ^ IN NATURE 

flaslc of vaLer ^ represents any body of water 

hot plate . represents the*. sun 

glass tubing represents the atmosphere 

collecting jar represent^s the land (earth) 

droplets of Water represents rain 

entering the beaker 
. or jar 

Questions 

1. Definitions 

Refer to experiment #1 as tlie answers are the same. 

2, nsxptanation of the hydrologio cycle 

Refer to experiment #1 as, the answers are the same. 

EXPEitlMENT #4 

Time ; Ans\\^ers will varj'. 

Observatio n; The water level should drop. 

Discussion ; Water is being absorbed by the plant stem. 

It-evaporates through the openings of the leaves* The 
evaporation of the water is speeded up by the fan 
blowing on the plant. 

Goinjg; Further ; 

1* Yes, the cycle would continue because water would 
still evaporate from the ground and bodies of waiter 
The cycle would probably begin to slow down and at 
certain points become blocked. 

2. Yes, we participate in the cycle by the intake of 
water into our bodies and also by the elimination 
of water from our bodies through perspiring and 
urinating,, 

3. Plants absorb and release water to the atmosphere 
helping to keep d more :even balance of water and 
thereby aiding the flow of water in the cycle* 

2h 
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Supplement #^ (Cont.) 

Questions 

!♦ Definitions 

Refer to experiment #1 as the answers are the sarme 
except for these additions: 

Transpiration is the loss of water vapor from a 
plant* 

Perspiration is the loss of water vapor from 
animals such as man* 

2* Explanation of the hydrologio cycle* 

Refer to experiment #1 as the answer is the same 
except for the addition of the following statement ; 
The water which fails Upon the ground .is ab- 
sorbed. This water in turn may b^ SliSj^bed by 
plants, used, ana released through tfaftipif ation. 
Animals, such as man, also take in water and 
eliminate it either by perspiring or as urine. 
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SUPPLEMENT #5 



Teacher Instructions For Lab Stations 



INTRODUC TION 



Setting up the lab requires approximately 30 to k5 minutes. 
Student completi6n of the lab is facilitated by establish- 
ing stations as illustrated by supplement •#6, At each 
of the stations it is most helpful to have instructions 
written to the studeiit. Suggested student instructions 
are given below fcir each station. 

SUGGESTED STUDENT INSTRUCTIONS 

Station I: Do experiment #1, The equipment is on the 
A-V ciprt (put the equipment back as you found it). Figure 
out a way to suspend the light. Note the tile you put 
the glass over the beafeer and the time when droplets be- 
gin to form on the glais. -Reoord these times on your lab 
sheet • * ^ 

Station II: Do experiment The equipment is on the 

A-V dart (put the equipment back as you found it). Direct 
the fan onto your equipment • Put a piece of masking tape 
on the burette and mark the water level at the start of 
the experiment. Record the time. Also mark the water 
level at the end of the experiment. Record the time* 
Measure the distance between the two. marks: r^^ftf^*^ 



The stem of the plant must be about one inc h into the water. 

Station III: Do experiment #1, but do not use the light! 
The equipment is on the lab cart (put the equipment back 
exactly as you found it). Note the time you put the glass 
cover over the beaker and the time when droplets begin 
to form on the glass. Record these times on your lab sheets 

Station V: Do experiment #2. The equipment is on the 
lab cart (put the equipment back exactly as you found it). 
Take your model to Station #1 so you can use the light. 
Note the time you put the glass over the beaker and the 
time when droplets begin to form on the glass. Record 
these times on your lab sheet. 



Station VI: Do experiment #3. The equipment is on the 
lab cart (put the equipment back as you found it)^ 




ERIC 
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SUPPLEMENT #6* 
Station Set-up 

jBefore class 

1) Place directions for each station oh the tables 
(refer to Supplement #5) 

2) 'Place equinment on A-rV cart (two carts are not 

necessary! ) 



Equipment on lab 
cart for stations 
IV, V. VI ^ 

U ' - O 



plug in 



Station V 

fi^periment 2 take 
to Station I to use 



Station VI 
Experiment 3 



metal poTe> 



Station III ^ 
.Experiment y 



Station ^lY 
Experiment 1 (with 
the light) 



>ut 



A-V cart with 
supplies for srtations 

I, ii. III 
a 




station II 
Experiment k 



2 

Plug in 
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STENCl L 



SUPPLEMENT #7 
Quizzes and Key- 
Quiz A: Hydrologic Cycle 
Questions : 



k. 

5. 
6. 

7-10: 



v/ater. 
county (in 
wa ter come 
citv where 



List three uses of 
If you live in the 
does your drinking 
If you live in the 
water come from? 
Used water or wair:te water in t)ie 
goes to a sev:nge t^re^^tnient plant 
Experiment 



the country) 
from? 
does your 



wher 



drinking 




(county, town ) 
after being used. 



7. 

8. 

9-10: 
11-15: 



16. 



17. 



What natural process does the diagram above 
represent? 

Why is the lamp necessary? 

List two ways you cou Id * "bl ock" this natural cycle 
Make a drawing of the water cycle. Label each of 
these phases: 

11 . evaporation 

12 . condensation 

13* precipitation 

14. run-off 

15 • ground water 
In the above drawing show how man becomes a part 
of this natural cycle. 

Tell the function of each in the water cycle: 



17. 


a cloud 


22. 


an aquifer 


18. 


a grefin plant 


23. 


rain 


19. 


a cow 


2k. 


a sewage treat- 


20. 


the sun 




ment plant 


21 . 


a creek 


25. 


soil (the ground) 



Quiz B: Hydrologic Cycle 

Directions for the teacher: Each student draws ^ picture 
that shows the parts of the water cycPgT^Eboh part 
should be labeled^ such as e vapor at ioti, condensation, 
etc. (refer to Quiz A, questions ll-'^5, and l6). An 
alternative would be for each student to be given 
magazines, scissors, glue, cardbcardj and instructed 
to glue cutouts on a piece of cardboard to illustrate 
the water cycle. Students cou id work in groups. 
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SUPPLEMENT #7 
Quiz A Key 

1-3* to cook with, bathe, to drink, for agricultural 

uses, recreation, a means of transportation, etc. 
groundwater or well 

5* Tranters Creek 

6. town 

1. water cycle (evaporation, condensation) 

8. sun .or energy source 

9. remove or block out light (block out the sun's rays) 
iO. increased amounts of pollutants in the water source 

and atmosphere might block the system 
11-16. diagram such as the one below • 




17* condensation 

18. evapo-transpir ati on 

19* takes in, uses, and eliminates water from the body 

20. energy source 

21. collects and stores water 

22. underground source of fresh water 

23. precipitation 

2^. purifies waste water 

25* absorbs and stores water 
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UMIT II SCHEDULE 



Pre-Activi ty 



Activity 



HOW DOES WATER BECOME 
POLLUTED 

Location of polluters 

Research 

Lecture and project assignment 
Game: Problems from water 
pollution 



^-5 periods 



HOW ARE POLLUTANTS REMOVED 
FROM WATER 

Introduction 

Lab experiments 

Discussion 



2i periods 



Post-Activity 



Films 



MUNICIPAL SEWAGE TREATMENT 
Field Study 
Discussion 

Pre-Activity 



3 periods 



"The River Must 
Live", Shell Oil 
Company 21 min- 
utes Free 
"Health and the 
Water Cycle ''^ 
North Carol xna 
State Board of 
Heal.th 
20 minutes 
Free 



To the teacher 

The schedule given is for ten and one-half periods but 
it can be adjusted depending on the ability of the students 



/ 
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SUPPLEMENTS 

Pre- Activity 

*6* Pollution Cut-outs 

9o Bibliography - Pollution: Scientific 
10. Water: Elixer of Life or Poison and Key 
11 c Brain Drain 
12. Key Words and Quiz 
13* Film Review • "The River Must Live" 
1^1* Game Problems and Clues 
15* Teacher. Information Chart for the Game 

Activity 

16. Stations for Water Purification Lab and Diagram 
17 o Student Directions for Purification Lab 

Post-Acti vity 

18 • Municipal Water Treatment 

19# Six Weeks Exam, Answer Sheet and Key 
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UNIT II PLAN 

Uiai II TITLE; IS WArER A RENEWABLE RESOURCE? 
TIME: 6 to 9 periods 
PURPOSE OR OBJECTIVE ^ 

For studenis to become knowledgeable of the sources of 
water pollutants and the effects of xhese pollutants on 
living organisms and the hydrologic cycle ^ 

For students to become knowledgeable of how waior 
purifies itself naturally; of how water pollutants may ue 
removed artificially, and concurrent .vith gaining this 
knowledge, for students to learn that dilution does noc 
always eliminate the problems caused by some poiiutants- 

ABSTRACT 

The pre -activity is designed to make students aware of 
the many kinds of water pollutants: where they originate, 
how they enter the water, and the effects these pollutants 
have on the natural environments A model of a polluted 
river :is constructed* Th*^ main active ^y involves various 
attempts to remove the pollutants from this polluted river^ 
The post-activity is a visii xo the Municipal Sewage 
Tieai.iucnt P»ani to learn the methods employed by your o\m 
city to eli«anate pollutants from water c 
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UNIT II: IS WATER A..RENEWABLE RESOURCE? 

Pre -Activity Plans 

How Does Water Become Polluted? 

TIME: 5 periods' 

SUGGESTED ACTIVITIES 

Day 1: This part of the pre-activity is designed so that 
students will begin to locate sources of water 
pollution. 

* The day prior to this pre-activi ty , hand out copies 

cf a town such as the one attached* For homework 
the students can list on the back all the polluter^ 
they see in the diagram* 

Instructions: Before class^ sketch the outline of the town 
fields^ rivers, etc* on the board* On a front 
table have the following: 
a* a*large mayonnaise jar (approximately one gallon) 
^ or aquarium filled with tap water and labelled 
"river" (if possible have a different jar for 
each cla ss ) 
b* a sm^all dish of sand or soil 
c* inorganic trash 

d. a dropper bottle of methylene blue or other 

biodegradable dye 
e* a dropper bottle of milk 
f. a dish (Xf organic garbage 
g* deter geni 

h* a small dish of fertilizer Bellets (or a dropper 

bottle' of liquid fertilizer; 
i. a small jar or beaker of tap water for each creek 

and drainage ditch presented in the sketch and 

labelled "creek or drainage ditch" 
j. . a dropper bottle of gasoline 
k* a pile of leaves and stems 
1. a dish or iron filings or any other metal 

During class pass out the cut-outs of the polluters (the 
bulldozer, house, boat, car, etc* - refer to supplement #S) 
The students are instructed to come up one-at-a^-* time and 
tape "their cut-out onto the board in a logical site (the 
student may follow the model town or inject his vn idea 
of the location of the polluter)* Next the stu' its ex- 
plain how their item pollutes* On their way be to their 



33 



FILMED FROM BEST AVAILABLE COPY 



s^"t, the students go to the table of polluvaiits and add 
a sample of their nollutant(s) to the riA^'er and/or creek* 
Allow each student approximaxex y one minute to present 
the information about his poiluxer. After all students 
hcjve given their presentations 5 pour the ''(.reeks" and 
••ditches" into the river. A heated discussion is certain 
tu follow- To stimulate/ responses pose a question such 
as: Is This our town's river?* 

A suggested follow-up would be to wriT^: all the polluters 
Tii.adents have identified on the board and request the stu- 
donts to record these in their notebook. Some terms to 
bring out are as follows: polluter^ pollutant, sludge, 
effluent, sewage^, organic waste; nutrients (phosphates^ 
nitrates), eutrophication, biodegradable^ dilution, con- 
centration* 

After class don-t pour out the "river" sim.e it is used 
in the activity; How Pollutants are Removed, and in 
practice for the fecal coliform test. 

D.oy 2 and 3: Students spend the period researching avail- 
able reference materialso Each student 6ould be 
given a copy of a bibliography (supplement #9)» The 
purpose of the student research is for students to 
determine tlie dangers of water pollution- As they 
read J the students sliould try to learn as much as 
possible about the following polluxants: phosphates, 
nitrates^, DDT j mercury, f ertilizers^ pesticides , sil- 
tatiouy radioactive wastes, oil spills, and lack of 
oxygen in the water* Request students to find any 
information which will explain (a) the dangers of the 
specific pollutant; (b) how to test ^>rater samples for 
the presence of the pollutant ; (c) possible ways of 
removing the pollutant from the water^ (or environment) 

Sometime during the two periods, the students may be 
given supplement #10, Water: Elixer of Life or Poison 
supplement #11, Brain Drain (optional )^ supplement #12 
Key Words and Quiz. 

Films "The River Must Live", 21 minutes ^ Shell Oil 
Company (Any film of a similar topic may be shown 
in place of this film. Refer to supplement 7)^13 for 
a revi ew. ; 

"Health and the Cycle of Water", 20 minutes, North 
Carolina State Board of "Health (Any film of a similar 
topic may be shown in place of this film. The use of 
this film is optional.) 
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Day k: The students have spent approximately one and one- 
half periods to two periods researching the effects 
of various pollutants on the water cycle and man^ 
As a follow-up to this 9 one of the following activ- 
ities (or both) may be done: 

Suggestion #1; Lecture and demonstrations - the effects of 
pollutants on the water cycle and organisms 

Topics to discuss t . , 

1) a definition of water ppiiutiun 

2) the effects of various pollutants on the water 
cycle e#g# DDT co-evaporates with water and isn't 
removed frbfli the environment; air and land pollutants 
wash into waterways and seep into the groundwater 
supply 

3) the effects of various pollutants on organisms; 
points to discuss are dilution? concentratlono via 
a food chain 

Other topics to discuss: 
Chemical s 

To demonstrate that chemicals like leadj, DDT^'and mer^ 
eury can be dangerous even in small quantities, add 
iron filings to a beaker of water. The iron filings 
represent DDT or any heavy metal> A magnet suspended 
on a string can be floated in the water to represent 
a fish* The fish cfoncentrat es the DDT by feeding* To 
extend the concept, another larger magnet can be sus- 
pended to pick up the small magnet* 'This can lead into 
a discussion of the effects on higher carnivores* 

To demonstrate that chemicals can be present in water 
even though often inv^-iblej place a beaker of tap 
♦ater and a beaker oi (glycerine on display^ Ask the 
students to decide which is water^ or if both or 
neither are water* After the students have made a de- 
cision based only on their senses of sight and smell , 
pour the water into the glycerine^ This should spark 
a discussion* 

Another possible way to demonstrate that chemicals can 
be present in water, even though invisible, and also 
may be quite poisonous is to add something very toxic 
like mercuric chloride to a glass of water; Ask the 
students to decide between this glass and a similar 
glass of water as to which^ if either or both, is 
water* Allow the students to make their decision based 
on the senses of sight and smell* 
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FerTilizer s 

Discuss fertilizers as nutrients xa warer and their 
role in eutrophic aii on* 

Or£; o nio vastes and rtiemieals that consume oxyge n 
To dernonstraxe that organic wastes and cheraicals consume 
oxygen: simply display a jar of spoiled miik Khich will 
indicate bacterial decomposition and it's concomitant 
odorSo Discuss tne effects of excessive use of biode- 
gradable ma'J'erials in water.. 

Non -^biod €£!^i adable ma terials ■ or su bsranc e s 
To stimulate discussion pose a question such as: Vnax 
happens to such things as heavy metals^ detergent s« 
pest.oides^ etc^^ that get into bodies of water ? 

Patho^,enic bacteria and viruses 

Discuss diseases such as hepatitiS; polio-> typhoid 
fever ^ flu^ cholera^ etc.^ that result from drinking 
water contaminated by human sewage^ 

Siltati on 

Discuss how siltation can block out ligiit; how it occurs; 
effects ofc such as clogging of fish gjils. obstructing 
visibility so that organisms cannot feed,, burying of 
spawning grounds and food; causes of-, such as soil 
erosion^ urbanization (construction sites )^ channeliza- 
tiottp dainSo thermal pollution^ 

Radioacti v e waste s 

Discuss how radioactive wastes get into the food chain 
and possible effects of these (such as death^ genetic 
damage) on organisms ^ 

Oil spills 

Discuss the effect of oil spills (sucii as death to the 
organisms and blockage of light rays) on water sources 

Conclusion 

Now is an ideal time for each student to undertake a pro- 
ject. Preiejablyc each student will selecl a water problem 
which exists at or near his home to study and ultimately try 
to eliminate, instruct each student to post a description 
of his project on a chart in the room or submit a written 
description? Also the student will be expected to report 
orally for one minute and write on the chart every two to 
three weeks concerning his progress ^ The information on 
the chart con Id be : 

Name Problem Action Date Resulis to Date 



36 



FILMED FROM BEST AVAILABLE COPY 



Naturally the students will need, some suggestions to get 
them thinking* Some suggested stqdent projects are as 
follows: 

!• "Adopts* a ditch or portion of a creek and clean it up. 
Plant grass along the./hanks to prevj^nt erosion. Talk 
to people who live near the creek aniJ get them to help* 

2. Obtain literature from "Keep America Beautiful . It 
has many project ideas in it. 

3. Go to a local grocery and ask the manager If signs which 
teach how to prevent water pollution could be , displayed 
in the store. For example^ by the detergents you Would 
have a sign warning against the over-use of phosphate 
detergents. 

4« Request your local grocery store manager to stop 

selling colored tissues and not buy plastic fruit bags» 
Think of ways that would encourage the 'manager to 
respond to your request. Check to see if your request 
is fulfilled. 

5# Write a play about a specific environmental problem 
such as water pollution* Relate the happenings to 
situations or conditions existing in'yonV ^own^. Pre- 
sent the play to another class or an organization^ 

6. Make and broadcast a radio or T.V. commercial. 

?• Have an "education campaign** to teach the people in 
your neighborhood about some way they can help fight 
water pollution. You can conduct your campf\iign using 
posters, going. door-to--door , talking to people, sea- 
ting up an information booth in the local slmpping 
center, and writing articles for the local iiewspaper. 
Some ideas to teach are: careful use of Ufetergents; 
minimum use of cars; anti-litter; plant a tree; 
sparing use of insecticides; additional ideas cam be 
obtained from "Everyman's Guide to Ecological Living" 
by Cailliet, pgs. k5 -^52, 6k - 68, 73 - 95. 

I 
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Sugg'^stion #2% Problems From Wdter Polluiion (a game) 

Before ciass write ^eaoh ot the main problems (six) on 
cards approximately 8i" x The clues can be placed 

on much smaller cards thereby alsti nguishing them from 
the problems. Refer to supplement #14 and #15 for the 
necessary inf oima Tion» Place the following chart on 
the board. Students will complete the chart during 
class (refer %o supplement #15)2 

Problem How it Tes^: for Solution to (or 

ai'ises how to eliminate it) 



"^Reference books should be made available for student use ^ 

Place each of the six main problems on a table or desk in 
the room so that they are very notii.eable po the studenxs* 

As the class begins hand each student a elue and briefly 
explain that located on several tables are six main problems 
resulting from water pollution. Also explain that each 
student has received a piece of the whole story that leads 
to the problem. Instruct the studen.ts to take their clue 
to the table that represents the problem his clue fits. 
Using all the other clues at his table , the student and his 
partners should complete the chart that was placed on the 
board before class* The reference books should be pointed 
out so that the students will use them if necessary in 
completing the chart. 

After each group has completed all the information on the 
chart for their specific problem, have each of the six 
groups present their information to the class (placing 
the information on the overhead^ or ooard as given) ^ This 
should certainly lead into an interesting discussion with 
both the teacher and other students offering additional 
comments to each presentation (refer to supplement #15)^ 
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KEY 



By C, D, E - Ditches or Creeks 



1« people 

2^ house 

3* outhouse 

cropduster 

5. fish 

6# car 

7^ farmer 

8* factory 

9o trees 



lOo plankton 
(bacteria ) 

11. cow 

12. restaurant 

13. dump 

Ik. laundromat 

15* oil tanker 

l6o gas station 

17o barn 



18o street 

19 o motorboa t 

20. bulldozer 

21c perk 

22 o diesel truck 

23c sewage plant 

( treialmeni ) 

2k o cloud 

23 0 algae 



Directions: Referring to the diagram "How Does Water Become 
Polluted?", explain below how each of the above contributes 
to water pollution. 
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SUPPLEMENT #8 
Pollution Cut-Outs 

To the Teacher 

The diagrams can be traced on a transparency and then 
blown-up with an overhead projector. Coloring the cut-outs 



makes them even more effective, 
items listed on the map. 



The numbers refer to the 
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STENCIL 

SUPPLEMENT #9 
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THE PRACTICE OF WATER POLLUTION BIOLOGY, U. S. afepffrtflient 
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WATER: 




o PENCIL 
SUPPLEMENT #10 

OF t IFF, OR 




- : .A^meric^, there are 7000 or more of us talcing a ba.ih 

and rJusttjng lUi, ioilei today, than thore were just Vu^sterday 

- ibe same amount of water flows down our streams • 

A}in WHAT^S WORSE 

- our Ki3y ot \ t fe deusa/ids more and more vater and pollutes 
more and mori? - 

Here is a Xist of water dew^nds circle those tttat a re a 
pert o f y our lifes ^Tadd seme of yoar ovn) 

* 



td v^arty off sewii^s 

to d rj tJi 

to cook m tb 

to swi0i and boat itjt 

to pioduce electricity 

to heat wi th 

for livestock needs 

for dishwashers 



to cool engines 

to manufacture goodd 

to c lean with . 

trii swimming pools 

to water flowers and lawns 

for garbage disposals 

for washing machines 



And here is a l ist of water poUuiants ^ circle those that 
^ are a uart of your life - 

NUTHIEiNTS- mainly phosphates and nitrates from sev/age, 

industry, run- off 
CHEMICAliS- from deter gent s, pesticides;, herbicides, 

indus I rra 1 w«si£s 
OILS- fiom ships^ driiJ iigs, industry y local auto 

ijt?rvi ce stations , streets 
ACIDS' frura mines and industry 

SILT, SAND. DEBRIS** from sidewalks^ streets, construction 

slteS; farm erosion^ dredging channels 
HEATED WATER- from power plants industrial process 
DISEASS CAUSING BACTERIA. VIRUSES- mainly from domestic 

sewage 

KADiOACTIVE WASTES- from mining and processing radio- 

active ores^ nuclear power plants^ 
from fallout after weapons testing 
HEAVY M^nALS- from fertilizers and industry (like 
mercury^ ?.cad) 



Ma 
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Supplement #10 (Cont.) 

THE PROBLEM IS: WE don't take the responsibility for cleaning 
up our messes. 

WHY do you think we don't? 



DID YOU REALIZE THAT > land pollution and air 

pollution finally end up in our waters? 

explain how: land ' 



air 




(if you drink water from your own well, don't be 

so smug ground water also gets pollutants from 

the land and air) 

IT'SSOoooo COMPLICATED. 



some communities don't even have waste treatment plants- 
and some industries don't either 



most treatment plants aren't good enough 

pesticides^ viruses, and many chemicals cannot be 
removed by any known treatment ANYWAY 

Psst. • • .do you know what eutrophicati on is???? 

this wise owl says you should because it's what's 
happening in the Pamlico River RIGHT NOW (the 
Chowan River had this to happen to it) 

EUTROPHICATI ON (U- TRO-FI-KA-SHUN) is the process by which a 
body of water "dies" 

AND THIS IS HOW I'^ HAPPENS: Nutrients (like 
phosphates and nitrates from sewage and ferti 
lizers) get into the water 
THIS feeds the algae (water plants often called scum) 




the algae grow too much and cover the water's; 
surface 

MOUNDS of algae will die and sink 



BACTERIA feed on the dead algae (and the 
sewage and farm run-off) 

WITH ALL THAT .FOOD, bacterial 
popula tions skyrocket 



THESE bacteria use up all the 
oxygen in the water (they're 
breathi.^g) 
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Suppiemc-nt ff-^O (conii.; 
SOoooo 

the f i sh d j e 



tV 4r I St i iJKft 



thn 1 i vtif ( 1hr*9 ) IS 



dp: AD, 



11' ^ OU THOU'UIP THAT WAS COMF1 ICATrU), HKAD i Pf-li/lS?] ) . . . 

lois iS me siory tiDoi:*^ DDTj n^ x 0, > n\ Daves Tiio, hnt a 
DI^ADLY PEST I C m 

•^arnier ^v'ills sproys his ^./J^jh : " :> DDT to kill lUv: iiioCM 

6 6 

]T RAINS J 

/ ^ THE WaVFR rii'S s t^. Dpi .l.Xj .^ic- grounc! 

THli: SOIL AND DL;^ .>'j.^t) ; *j ihe dilch 



THE D rr CIl eij l ^ \ e s i > i*^ cue i i v er 





^ . , , PlAN'KTOn {-T i 



\:ic.i Hor Tht DDT and die 

DDT- 




BIRDS eax ♦rhe f i sh 

WHEN The birds lay «.-ggs 

l^t^ THE egizs doii*r ev'-er hal v ^^.^ 

Tfii*: biiUs be:.ome EXTINCT 

here^s the i c-y i tvisi. sti^v, ^ ihtro -i: oirds left lo eax 

l-ht' iiistL^s^ whar Vjappens? 

(set b:;Trom o yb*- pdge for ansuor) 



NOTEi Two lai.ts make mattcis vvwi st . 



. )].) zhrer: laets : 



"i . DDT et'apoiates wixn watci and xains back down wirn 

uvjx f T ; so 1 r { DDT } ker [:s r > c I i ng • 

2o DDT can last ioi many yhais and nothing, decom- 

pos (■ s • j t 

5o Th^' p lanRi.on thai ai t ^ i j :»mI ov DDT in the or ean 

ptoduce most of the tarrh's ,ixv^en (during photo-- 
s> n t Desis ) . 

So what wi i ' ♦.eventually liappen lo ns «;nii!»uis? 
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Supplement #10 (Cont* ) 

Want to learn more about waxer pollution? I hope soo 
It*s like learning how to save your own life*^ 

How can you learn??? Use your bibliography (Pollution - 
Scientific), In this there are listings of many books, film 
strips, tapes, and records. 

Be observant! Search your neighborhood for possible sources 
of pollution. 

In the Bible there is a very ominous warning: 

"Whatsoever that man soweth. • .that shalF ile Also Reap 

What special meaning does that warning have for us today ? 



(will it be) 
THE END 
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SUPPLEMENT #10 
Key for Water: Elixer of Life. • »or Poison 
PAGE 1 

Why do you think we douH ? too busy; too expensive; too lazy; 

won't be around to see the disaster; not ''my faulx" 
attitude; cheaper to leave it there (for the moment); 
just doesn't seem important 

Explain how; land ; when it rains runoff w;aler picks up 
pollutants ; soil erosion adds pollutai\ts, as do 
wind storms 

air ; when it rains pollutants fall with the 
water; windstorms carry pollutants to bodies of water 

PAGE 3 

What will happen to us? might die from lack of oxygen caused 
by death of plankton; too much DDT may concentrate 
in our bodies 

What special meaning ; We shall eventually suffer the eonse«- 
quences of our environmental actions • 
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STENCIL 
SUPPLEMENT #11 

Brain Drain 

Name : ' 

••Brain Drain*' 

We^ve identified possible polluters. Now we want to learn what 
the "dangers" from these polluters* pollutants are. 

1. A water of 212^F. is too hot for most 

organisms to live in. 

2» Water animals will die if they do not get enough of this 
essential element: 



, 3. such as typhoid fever, polio, cholera 

are caused when sewage from sick people enters a water 
supply. 

4# A iaek of oxygen in the water may be caused by too many 
,, ^ being present . 

5. Scientists know disease-causing orgai^isms are present in 

waUMT idien they count the number of fecal ' 

bacteria^ 

6. Diseases such as.,^^^^ ^ , typhoid fever, fluy, 

^.^.^ - •re caused by human sewage being placed 

in water supplies » 

7. and ^ are two chemicals 

present in sewage and fertilizers that feed algae 

' causing algal blooms. 

^ (overpopulation 

of algae) results in a lack of oxygen in waters (rivers, 
creeks, etc . 

9- Water supjptlies can beoome too hot when 

or power plants release their water directly into a river^ 

10. ^ occurs when too many nutrients 

like phosphates and nitrates are present. 

11. Pollutants like DDT, lead, and mercury poison plants and 
animals (and are so dangerous in the environment) because 

when eaten or absorbed the pollutants 

in the bodies of the plant or animal. 
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Supplement .^11 (Cont#) 

12* Walter supplies may become too when 

mines and industries dump their wastes into the water. 

of water is acidic when it is 



15. The ____ 
below b*5# 

1^. 



is another term for cloudv 



{ light cannot seep through the water). 
15> Pesticides^ heavy metals^ DDT are 



)6. 



generate much heat, raising the temperature of the water 
supply very y very high. 

and form run-off often make water 



supplies very cloudy or 



Another term for water which can be drunk is 
water . 



19 • Overheating of a body of water by industries dumping 

water from their cooling systems is . 

pollution. 




are tiny plants which live in water and 



ich when huge overgrowths occur in water supplies use 
our oxygen. 



his wise owl says: Use your vocabulary words, 
bibliojgraphy ♦ and the following choices 
to find the ansv/ers. 



22. cholera 
23# turbid 





oxygen 


11. 


al gae 


/ 


diseases 


12. 


polio 




eutrophication 


13. 


nitrates 


k. 


turbidity 


Ik. 


industries 


5. 


atomic power 


15. 


concentrate 


6. 


plants 


16. 


acidic 


conform 


17* 


pH 


?• 


temperature 


18. 


potable 


8. 


soil erosion 


19* 


algal bloom 


9. 


thermal 


20. 


toxic 


10. 


bacteria 


21. 


•phosphates 
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Supplement #11 (Cont.) 
To the teacher 



The answers to the questions are as follows: 

(l) temperature; (2} oxygen; (3) diseases; {k) bacteria; 

(5) coliform; (6) polio and cholera; (7) nitrates. and 

phosphates; (8) algal blooms; (9) industries; (lO) Butrophi- 

cation; (ll) concentrate; (12) acidic; (13) pH; (l^) T,urbidity; 

(15) toxic; (16) atomic power plants; (l?) soil erosion, 

turbid; (l8) potable; (19) thermal; (20) algae 
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^^Jj po^^^ * STENCIL 

SUPPLEMENT #12 
Key Words 



Name t 





This wise owl says: If you want to help clean up and 

protect our waters you'll learn 
these words : 

ALGAL BLOOM: huge overgrowth of algae that has been 

fertilized by sewage and faim fertilizers 

2* ALGAEr tiny plants that live in the water 

3* BIODEGRADABLE: can be decomposed 

4. COLIPORM BACTERIA: baoteria present in sewage 

EFFLLT3NT: the liquid that's left after sewage is 
treated 

6. EROSION: removal of soil and pollution by rainwater 

often ends up in the water 

7. EUTROPHICATION: algal blooms, loss of oxygen, and 

consequent death of a body of water 

8. MUNICIPAL SEWER: city pipelines that carry sewage to 

the treatment plant 

9. MAI.ODOROUS: has a foul smell 

10. NOXIOUS: harmful, irritating, annoying 

11. NITRATES; PHOSPHATES: two chemicals present in sewage, 

fertilizers, and detergents that 
feed algae and cause them to 
overpopulate 

12. ORGANIC: substances .(like food particles, wood) that 

can be decomposed (decayed) by organisms 
feeding off it 

13. POLLUTION: contamination that upsets the natural balance 
1^4. POLLUTANT: something that contaminates 

15. PATHOGENIC BACTERIA: disease-causing bacteria 
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Supplement #12 (Cont.) 

16. pHi a term trsBd to describe how much acid or base a 

liquid has-^a pH of 6.5 to 8 is best for most 
organisms; below 6.5 is too acidj above S is too 
basic 

17. POTABLE WATER: water that is not harmful and can be 

drunk 

18. PERSISTENT CHEMICAliS: , chemicals that don't break down 

for many years 

19. RUN-OFF: anything washed off the land by heavy rains, 

etc. 

20. SEDIMENT: soil that settles to the bottom of a body 

' of water 

21. STORMSEWER: a syst^^m of pipes and ditches that collect 

street water after a rain; also collects 
all the trash and dirt; in koji&.cittiesi these 
empty directly into the creeks and rivers 

22. SLUDGE: the solid matter left after sewage is treated 

23. SEWAGE: the waste matter carried off in sewers 
2k . TOXIC : poisonous 

25: THfiRMAL ipOLLUTIONi ovtrbeating of a Hody of waterr-^ 

often by Industries dumping water 
from their cooling systems into the 
water 

TURBID: cloudy 
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STENCIL 



SUPPLEMENT 



Qui z , on Key K.^rrts 



Terras 



Algae 

Algal Bloora 

Biodegradabl e 

Col i form Bac ter ia 

Effluent 

Erosion 

Eutrophioat i on 

Mai odorous 

Muni c i pa 1 S ew9 r 

Nitrates , phosphates 

Noxious 

Organic 

.Pathogenic hacteria 



SLbtent Cberaicals 

pH 

Pol i IP a !U 

Pol L ui 1 un 
Pot a I) j e water 
Run- wif 
SedJ \\]^.nt 

Sludge 

S torinsowe r 

Thornicil Poi iution 

Toxic 

Turbul 



Write the correct term beside iis definition* Use the^- 
terras given above • 



Terra 



1. 
2. 

5. 
6. 



8. 

' 9. 
10. 



Oef in iTi on 

bacteria pi esent in sewage 

the solid njd Iter left after sewage 

is treared (can be used as fertilizer) 

overgro^vh of algae in a body 

of water 

the liquid that's left after sewage 
is treated 

thfi waste: !n;^tter carried off in 
sewu rs 

ci t:> pip^' ^ iiies that carry sewage 
to the t rea xmfuit p iant 
system oT pipes and ditches that 
collGcl stieet water after a rain; 
also <.ioil(M"Ts all the trash and 
di rt: in Wash i ng ton these erapty 
dire., ri y nv o the creeks and 
Paml iro 

eonifjiiJ Ina'J j '*'U i:hat upsets the 

natural ba tdnc e 

th i ng that c o ii t arai na t e s 

disea se -causi ng bac ter ia 

a tet'in used to deterraine how ranch 

acid or bcise a liquid has; a pH 

betwedii Oc5 ^ind 8 is a suitable 

en'v ir onme nr for raost organisras ; 

bel ow 6 ..5 j too acid ; above 8 

is too VnsKi 



56 

! 



1 



FILMED PROM BEST AVAILABLE COPY 



Supplement #12 (Conte ) 



'erm 



12. 



13. 

14. 
15. 
16. 
17. 



J8. 
19. 

20. 



21 . 



22. 
23. 

2h. 

25. 



nef init 1 on 
removal otf soil and its pol lui i on 
by r a 1 nwa x e r • - o f x' e u end s up in 
the water 

CHEMICALS THAP DONT BREAK DOWN 
FOR MANY YEARS 

harmful ; i rriiaii ng, annoyi ng 
poi sonous 

has a foui; bad odoi 
two chennca'Js present m &cv\'iK, 
feiti 1 izer s ) and deiergenis that 
fet3d algae and ^oause tuem rc 
overpopu In le 

tiny plants that iiv^e m the water 
a nyx h i n g wa s h e d ' o f f t ii e land *)y 
heavy rains 

substances (like food particles) 
that can be d e c a ed (decomposed ) 
by organisms feeding off it 
overheating of a body of water-- 
often by industries dumping water 
from theji v^oolmg systems into 
the water 
0 1 oil dy 

soil thd r settles to the bottom 

of a body of water 

can be decomposed by organisms 

not harmful, can be drunk 



Teacher: cover this key if stencil is to be duplioatedo 

Ml 



1. 


Coliform bacteria 


15. 


Toxic 


2. 


Sludge 


16, 


Mai odorous 


3. 


Alga 1 Bloom 


17. 


Ni tra tes , 




(Eutrophication) 




Pljospha tes 


k. 


Effluent. 


18, 


Alga e 


5. 


Sewage 


19. 


Run -off 


6. 


Municipal Sewer 




( er osi on ; 


7. 


Sto<fcsewer 


20, 


Biodegra dable 


8. 


Poll uti on 




( 01 ga n 1 r ) 


9. 


Pollutant 


21. 


Thermal Pollution 


10.. 


Pathogenic 'Bacteria 


22 ., 


Turbid 


11. 


i)H 


25. 


Sedi ment 


12. 


Run-Off 


2k, 


Biodegradable 




( erosion ) 




( organi c ) 


13. 


Persistent Chemicals 


25, 


Poiable Water 




Noxious 
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StlPPLEMEKr ;/i3 

The River Must Liv e 

Rivers hove long oeen used both as a sourer- of fresh water 
and a means of sewage disposal j poiluxion only beoaffle a 
sorious problem wi t h The growth of industry t\n(l large 
ci I ies, rhis grov/lh oi ough"? simultaneously an increased 
(Upondence on Jakes and rivers for fresh wmIoi supplies 
a»M) ;) VcjsT increa^^e in ihe vi»lum». of wat or - i)')! nf; waste. 
Tht film shows wliai happens when a river i -i ovrrrloaded with 
»uo!'e wasl'o Mian it ran absorb, and The consequences to 
those wlio depend on it. 

PoUution can only he preveniea if ine way a river absorbs 
waste is understood. The tjlm shows in mx cruse opto de- 
tail the organisms wliich preserve the ba'On<»e of life i!i 
a healthy river. The natural mechanism of se 1 f -pur i f i ca - 
ti on is slowi; it needs time and space. Too much waste 
in loo shot t a space overlOeKis the river, icil}ing the 
micror.^ iran isms whicli keep. it clean. Tne river then becomes 
permanently poll uted. 

To prevent this happening,^ much more wide-spread treatment 
of industiial and urbaiiwasre is neiessat:y* This will be 
expensive but the benefits will greatly outweigh the cost. 
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SUPPLEMENT rfih 
Game Probicuis and Cl»u?s 
MAIN PROBLEM 



t uu hoi 1 0 Jive J li 



water animals can not 
get enough oxygen 
to breathe 



ClXh 



VOU i I lUlO^V if I ii I ^ j Ob I 1^01 OXIS t S 

rtie ^otll ^ e ol ' :j ] s I t ,i<>i em i s 
1 1 oic .1 \ omi V pow^' p : c'fj ^ s genei - 
a * I ng hf^ d » ( vfci V f! I pji t ompe 
itires) ir •^52)/ wfsitvr sippiieSr 

trial c<-^jling aysiems (,ind other 
pro i i tsH V 5^ ) ? t? I s 1 f h t. i ;■ i e r 

Ttift riiii.snii*:, MiAS ^,r,>ofom aie 

io?> mil* n } !.'-j(j*!cJ vt^ aiui iiiiruie 
J n t no ;v<i ; .-^ > / su i ' 1 < a i 1 
b"i ooms » * mo^'n ;i>an^ c 
( biodoi^i riij.* '» ' H j TWOS res i n the 
WAitrr [\\K^' "■ ' :u «d,tntrf garbage? ? 
r s ) 

Tij i s [.i ob! * m . - < .in -^ed by the- 
present .1 (O.J i):;i.'!v nu€raf;iiis 
(likp p i^osfOta T. and nxtWttes) 
win ch vou^ * i/ 1 i^<iH I o grow 

i 1 k^* iTuid * » . n f a an d t ga i 
bloom)* ! fif-n w>u n ihr, algav 
die J h L» VI < T r i a ha n f ea S i 
on Jh ''rik . 



Vou 1 j kn .?w 1 1 I h is probl em 
exi sS I !^ wh^Mi vou Vi fid out the 
ciiuouitJ of {ilM^sphii t t s ond 
n 1 1 1 1* ' t- ftr e -iie n t . 

To t i iiii ()*; • ; I lb J s ) ?i a prob 1 em, 
vuu < <in mi:\isu)e the amouiu of 
d 1 s»i> ! V <rfi '>xygen i n ihe i^'a t t^r * 

Th)s ubi em i caused by t he 
present e ol fuu many baett?ria 
in the IV cU , 
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Supplement (Cont, ) 

disease 



plants don't get 
enough light; bottom 
dwellers get buried} 
fish can't see, and 
gills get clogged 



Th<» Hi M :i .s.>:;f» » this jiroblem 
IS scWfjiutr' from sl«'K people 
gc It ir)£: ill I'* ihe M\i :er . 

The . « Uepft r sioejii of Publ i o 
Hen 1 1 n :>u t*\ noti f xed if you 
suspe*' I \h prob 1 om ex).uts , 

You'll Kri'jw if Ml IS problem 

migfu u/Cisri you <*ount the 

number or r«Cfil i^olii'orm bao- 
ter IH p ?<>se nt . 

Fish dn:i shi>! \ fjsh l;eds are 
Hoseti \ Mshm^ li uni!'ear.ed 
sewag<? i.s neiim (lump*«(l into the 
body v> X w<; - 

SpcK'i Tic i)x;imj. .0-, ol i.his pro- 
bl em .ir(» : I > phoul t'over^ polio, 
choliMM ill ri(>rms, (Jysentery 
(dinn tt»rn ) tif-pa t i lis, fhi . 

Ttie souj < MI his } roblora is 
majriiy faitn iiu-ofr treated t 
and uu« re:M v.d sewage < 

Thi.s pj on I cm i ^ *ni«0(l by 

ovei cu I : ; nix i)f \ r f»es , care J ess 

farming { so i : orosion ) , 

channoi i/.i. lorj an<l urbanization 

(biultljttii of housing develop- 

mr i; J s ) . 

This pjotMfm i.* < jus(^(* by soil 

\ou'n Kiiuw ij" ifijs problem 
exi s • s wtM=ri: > ou meci sui'6 I he 
I uroj'l i 'y ' 

Hi / s p ! if. ion ud neii) 

(! I otlt'il (ij X m i r»nos . J n da maod 
r ese v\ o rs . aixl iir 1 an<l 
l uiu-i IMH { i on s I t t'S 
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and I un-of f f mm k?? « nes , unt r ea ted 
mdustiliii Wcjstes ond even air 
p 0 11 u t u'n*: ^ t:« a \" mi. x in the rain 
watei (v-aibon dicxlcle will yield 
a^r oonix -t^ ia bu'ifvi d: oxide 
\VLli yi^: la csulfarK ucid^ ni tro- 
,^en oxide will >itlii hivric acid), 

You'jl Know problem exists 

wiien v.ku m»-asure tbt pH of the 
wait=r ar*a iT*< '^rss Than bo5- 

rhis piur)i-:i'fl i^: • by ail 

po'ilutoiivs and va-^x^'s r\iOm mines 
aivd iid u^:- " r : ^ i ^ 

poisoning TVt<t sotu t u T^ns problem is 

mainly /o^'m ' : uti-oi » 'and erosion) 
and iiiuuc^ lol w^S'^*vs> 

Cr/H i s ^na ^ Yuf y hh 1 L f i sh t)e as 
a re v 1 j.-^ r -J ^ f i I? ; ng because 

c an;:.eb > t ^'-^ i*> (:r ool em-, 

Spc^if^. I, <">jdiftp l^s of This dcinger 
are . i-eoT'. ui^-s (like DDr)o 
h c a y mr ^ :i ^ \ \ Ike 1 1. u r y n nd 
1 j-ad ) , -jiio * i I c! ' i V^-mi.: {^i.s 
ffliide h\ man « 

Ti)i& brppt-iiS even i I me 
pol lu; ciiTi"? s on- p] # sent in very 
small am o n n^ s b t- c a xcS »? r h e 
plan .s <^ :"id :? r tnici Is e <^ x r b e 
poll uvaatv-: ( ' La Their food 
chain* and cone em rare <"he?n in 

* 1 1 is fi M f I 'J L t I o K n ow it this 
probleni exists until oiii^anisms 
besm 10 die then it is too 
late. 

^ Ibe cl)emiCc'). lests to fJetect 

poisons ait very difficult to 
perform and v o r y expensive^ 
r*or sonjc poisons^ there is no 
deir lion lest known 



Supplement #1^ (Cont. ) 
too acidic to live in 



61 



FILMED FROM BEST AVAILABLE COPY 



<r c o >: 
X 

o -* 

S 



O 2 



o ; 

r i 

•>< - } 





w 


<— 


jc 5: - 


1 




} 






«*, 










Q 


e G3 or o 










Cj 










O 


D cc a 




-^f ^ 


















O 






O 


2? 




o 










CO ft B 




13 3 


} 




rz ^- 










£J 




cft ^ i: 






J 




3 ^ 














oo o 


















lw 






!3 H- cr 


















o 












I 




ft) o 


C 






o 




cr 








i 






5 






B 






0) (D 03 ^ 




















o 


























r& Qi H-> 2: 
























*^ ffl e 2 






K 






















^ r 






CL 


c 










I-* 


<i n 






i 
















2; 


I 




.-0 















» ^ 


O 




p. cr c 




3 








3* H . a* 


O 


0} 














O- ff 


O H 00 




















0) O is; 


CO 






!3 


c \ 


D 


w 














r; 






rt> 


.7) 






"1 










v: 


r* 




p. 


03 (t < (D 


c 






>^ 


' i 








c a 


0) H- 3 


o 














^ 




» H- 






^ p. 












<7> " 


0!) 03 
















*r 






cn 




^ cr 










fO 






ft 








^ \ 






7) 


a .T> 


m 03 










B > 


o 


c 




Ot' 


B r3 










C \ 


r- 




cr 


CI' 










^ i 


M 








<: CO 


























c 

t 




1 






o 

w 


Of 



•.J I 



I 

0? ^ 



i :: 

I. ' 
2 J 

■J, 3 



-4* 


B 




~4 




<^ 










j 


a- 








•< 






! 
















> 


o 














5 




*^ 













t C 
12 O 



o; 



:3 



3 *cj 

\ 

i cr 

f 

Co 
CD 
03 



(r 



I 



FILMED FROM BEST AVAILABLE COPY 



cr c 

rf 
H- cf 

:s CO 



H. O 

< o 



c+ o: ^ 

» 03 
(D CO 

:^ H. (D 

i:^ CO 

rf 

^ CD 

<r*- O 



CD B 
CO H- 

£D (D 
3' CO 
cf 



03 

M ^ a- 
CD 03 C 
CO cf 
CO (D « 



03 Q) (D 
VJl O 



CO Cij\(D 

3 <h 

O (D C 
< »V' 

(D 03 

H" rt). 
O \ 
O H- 

to Hi 3 

M C 

C/1 <^ CO \ 

O CD rf 
to ^ 



CO 



o o 



CO 







0*0^ 




-•or; 


V. 






Q 


CD 


a* 










rf cf (Tf ZS t?; 


' * 














Wr* 








O" 


O 


C 












c 


3 










ft" 








O 


























(D 
















CD 




C/5 














3" 




















_^ 






































CO 




















CO 












a 




CO 






73 






q; 




H. 






O 


rf 




3 




IT* 








(0 C 




5 




CO 


a 






»^ CO 




ft 












H' rf 




a 






















O 




*^ 


OTP H- 










>^ 




c 












CO 




CO 






CO 






rf- 






0) 




<D 










o 


cf < 




K 






C 






(D 03 




< 












CD 




O 












rf 
















CO 
















CO 




CO 















^ rf ^ 


O 03 








3 Cd' 


05 0*'CD 


O ^ 


o c 








CO »n 


3 03 






a- 


C C 


rf rf C 


CO o 




< 


r>- 


CO i->* 


CD ri- 


rf rf 




0: 




rf ^ 


CO CD 


H$ H- 


C 






CD 


03 CD 


c o 
















O 


CD 


03 rf 




rf 


d 
















C« 


CD 




o fr> 


03 O 


CO 


O 




CD 






c 




03 rf 




c 






r-« 


CO B 


^ rf 




CD 3 






» rf CD 




o 


rf OQ' 






'<CD 3 




(fQ 






O 


'CO rf 


CD 


h" 










CO 


o 








^ O 




03 












M 









^ -'•a o o cf. ^ 

a> 3* M O *r3 

-J cr o <^ 0, » 

- • H *^ O 02 



0' r-^ ^ 





C 














3 


a" 






CD 


ct- 










CD 




«r 






w 






o: 


CD 










& 


5 


c 




CD 






























73 




07 






JD 














CD 






03 




~< 





(D 









daw 


a* Hj 3 


o 


C 


! 


1 t 




0) CD C 


o 




a 






r> 3 




CT 


CO 




CO o> 


-f o: cr 










fD 


<5 




O: 


















X 3 CC 












CD fn 


o c 


cr 




■ 




<7> 52 03 







0; M 
CD 
5 03 

3 

C CD 



OS 



-o cr 



CD CD Hj CD 

<-f H' r4 

3 C CD 

O H' S 

3 03 



3 3 <^ ^ 3 r»- 

) V-* 05 H w 

O 3 H. CO (D 

H) O 3r C CD 0? 

w, ctj 3 ^; -i 

o: 3 

Q Oc< ft 

<T5 3 



FRir 




FILMED FROM BEST AVAILABLE COPY 



UNIT II : IS WATER A RE\-EVAi3LE RESOURCE? 

Activity Plans 
Hou' Are Poliutancs Removed From Water? 
TiME: 2i periods 
INTRODUCTION: 

Organized into nind sror.ions c^re water purification 
met/hods that tend to purity water naturally. The methods 
Vtsod are as foliovvs: individuai i.uiumns of sand, rock, 
clay; flasks containing soil bacKfria in water; settling; 
anaerobic hoc ceriu 1 digeai i ; f i (fcziisg (crys ta lliza tion ) ; 
absorption by oiiorcoal, and « di s ti J i at i. on apparatus. 

The students are to bt? assigned lo one of the stations 
and instructed to "iiian^' and conirol their station. Equal 
portions of the students* polluted river*' is xo be sub- 
jected ro purification hy the scudents^ Sufficient tinio 
should be allowed for sruderit oDservation of all the 
stations and research cn me specific puri f icat^ion 
methods being observed so tha^ the final evaluation results 
wi 1 1 be me ani ngf u i * 



MATERIALS 

Reference books? Relet to supplement #9? Bibliographj'^ 
Pol luii on : Sci ent i f i i 

Lab equipment: Refer io suppicmejit ifip. Stations 
for Water Pur l-t)-catx on Lab ^nd Diagram 

Student Dirsi \i one : Re f rr to suppi einent #17 
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DESCRIPTION OF PURIFICATION SIAVIONS 
STATIONS 1, 2, and 3: PILTRaVION 

rock, sand 5 and clay co iumns - use giafiis or plastic 
cylinders; each filled with one type of soil; 
for any one type of soil columns of various 
heights could be bui I t^(eofe>-«and to a depth of 
*3 inches in one col uran and 3 feet in a second 
column) 

STATION ^: ABSORPTION 

charcoal - charcoal is added to the poi luted 
water, heated, and fiftered through filter paper 

STATION 5: DlSTl J.LATION 

STATION 6: AEROBIC DECOMPOSJ i XON BY MICROORGANISMS 
flask of soil }>ao,teria inoculated into an 
al i quot of th e p olMux ed ^va ter ^ and a era ted 
w:tth an aquarium purnpj sugges ted source of 
bacteria; ESCHERICHIA COLT , FLiv09ACTERIUM . 
AEROBACTER , BACILjM' S . CLOSTRI IOa Im/ PSUEDCFlONAS , , 
PROTEUS ; have available a wan. dark place^- 
approxima te l}"^ 100 degrees to incubate flask of 
bacteria and speed up decomposition; have 
available a microscope witli a seamed slide 
showing bacteria focused c) t i 00 x (oil 
immersion, is possible )5 vhe Hospital can also 
supply the stained slide^ 

STATION 7: ANAEROBIC DECOMPOSITION BY MICROORGANISMS 
an aliquot of polluted watet plus some of 
thesttamed solid matter is stored m a 
tightly capped ,jar m d warm, dark place for 
at least a week, 

STATION 8: FREEZlN^i, SETTIJNG, AND CONTROL 

SUGGESTED SCHEDULE: 

Day 1, Be Core class set the "jiver";. seven beakers, 
and a strainer in iarg^: Jca 3 ^ ra i ner 'vvorks 
nicely) on a table or Icit) cort located in 
th e f ron t of i li e room \ so set up th e 
eight stations (refer to supplement #l6) on * 
separate tabtes and tape student instructions 
to the s (iJ t ions ( sup pi chip n^^ ji-l'] ) . 

At the beijfinni uu, of v. . 1^ s s assign g r ou p s of 
sturleji^s Lo each one of M;o stations^ Briefly 
explain the lab lo -he o«udents^ Point out 
that refereiue mtiti^ials are available for 
ecich station. A I so oxpi ai n iha t the purpose 
of the lab is to aiK^mpt to pun fy the 

luted rivx-.r bv lii*; methods given., and 
d if:ermine which ni^'iiiod -s most effective-, 
As!< ! hr y r julen^ s t o ^.onsider whicli methods 
Oct nr -na turaj i y. anfi umh cn are artificial . 
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Instruct one student to mix and stiam (if 
necessary) the polluted "river" fi lling eight 
containers with. equal amounts of the river • 
This liquid is then put into the purification 
system ct I each stationo After the students . 
have tl]eir purification system sei up and 
functioning they sh o'ulcT- then spend the re- 
mainder of time using the available reference 
materials and observing the other stationi>o 
Before the end of the period the distillation 
should be stoppedj the f l^^sk inc uboted, the 
ooatainer from station seven put in a place 
where it will not be tt>uched, and the container 
from station eight put in the frt^ezing unit 
of the refrigerator, Unles^i otherwise speci- 
fied^ oil water samples should be ref rigerat ed» 

Day 2: Arrange the labelled effluents on a front 

table. The students should determine whiob 
method was most effective based on their ob- 
servations of the collected effluents from 
each sration and any data collected during 
the purification process^* 

To lead into a discussion of purificacion 
methods the following chart could be utilized: 

ffatural method Occurrence Use in water Comments 

of in trea ^ment (Effectiveness 

purification nature plants of) 



Settling 

Filtration 

Bacterial 

Decompositi on 

aerobic 

anaerobic * 
Distillation 
Charcoal 
Absorpti on 
Freezi ng 

The folloving ideas could also be pursued dur- 
ing the discussion: explanation of how each 
metliod v/orics.; what pollutants are removed most 
effectively by each method; effectiveness of 
combining sevef^al ^methods (this does happen, 
in nature and moSt [water treatment plants com- 
bine methods); effects of the time and concen- 
tration factors on the functioning efficiency 
of the purification methods; the effect -the lack 
of any chemical analysis on effluent has in 
(leterming quality of the sample <» 
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K ey terms to bung out a/^ as f ^llowsj 
suspended and dissol sd soi Ids g biodegradabl e , 
sliidg6o effluent., v^evags. organic- waste, and 
concentrcjtiou. Otr-er hey words for the stu- 
dents to become familiar vvitn are given in 
supplement . 

Aftej' completion of T^e lab and discussion^ a 
good fo3'lGw-iip acvi^'i/.y' is a trip to the citj^ 
water and sewage trsatmenv |?iant and to a 
ioeal industry's water treatment facilities 
(if such exist)., So tbe students can obsert.v^L_^ 
haw surface and waste water is treated both 
for personal and industri?i"t us.e . Refer to 
suppiemenx #18 .> Que st i ons for Water Trea tment 
Flanv^ in the pes i:-ac t x v y plans. 



NOTES: 

This is a fascinating lab filled with an overabundance 
of learning experiences for both tne students and the 
teacher! For example, we learned; 

1. The polluted river if left to sr.and at room tempera- 
ture undergoes bacterial degiedanon. One Ij^acher 
left a dark blue "river" one afternoon to see a 
colorless Vriver" the next morning* Needless to 
say, she added more methylene blue to IhG jar 
before the students arrived! 

2. The distilled effluent wai> clear and appeared 
unpolluted. However^ it "reeked" of a very 
unpleasant organic odor.. The s indents were shocked 
to learn that pollutants with a J ower boiling 
point^^than water would not be removed during the 
water cycle! 

5. The sampl s'^coiitaining aerohic bacteria m one class 
discolori 7^eu and in other two classes did note The 
bacterial imocul a were identic a 1 so we concluded 
that rw^o rlyers contained poilutants toxic even to 
the hacteria! 
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SUPPLEMENT #l6 
Stations for Water Purification Lab and Diagram 
STATION 1, 2, 3: FILTRATION 




Equipment: 

3 glass columns (approx- 
imately 8" /T ength/ x 

2" /diameter/) \or any size you can find) 
3 funnels 

6 beakers (includes those 
. needed tot tile sample) 

250 ml, 
3 poles or ringstand and 

clamp A 
aluminum foil (to put 

over collected effluent) 
tape 

student directions and 

references 
clay, sandy gravel \ 

(aquarium "type works fine) 
steel wool (lay this in the funnel to hold the soil) 




STATION 




ABSORPTION 



'■f : ■ 





ey CHftiicofiL 
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SupplemeaD #16 (Cont.) 




Equipment J 

2 beakers (includes the one needed for tbe sample) 250 mL 
aluminum foil 
1 hot p^ate 

1 spoon X 

small amount of fine cbarcqal (l tablespoon per 200 ml^ 

of sample ) ^ 
filter paper 
funnel 

gloves^ tongs, o r asbestos pad 
tape ' 

^student directions and references - 



STATION 5: DISTILLATION 






Equipmen it 

1 Erlenmeyer flask * . — 

hot plate or bunsen burner 
paper towels 

1 one- hole rubber s'topper ' 
glass tubing ; i 

labelling iap'e ' . 

2 beakers (includes beaker for thb sample ) 250 ml 
aluminum foil 



STATION 6: AEROBIC DECOMPOSITION BY MICROORGANISMS 



^ynj^s: of- 




If you have a limited 
number of aeration pumps, 
it is pos'sible to hook- 
up several flasks to one 
pump using '^y'^ tubes as 
shown in the following 
diagram: 
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Supplement if]b (Cont.) 

Equi pmeni : 

1 Erlenmeyer flask per cla ss 
1 aeration pump ^ 
rubl)er tubing 
cardboard box 
'\vr** cubes 

cultures of Escheri ch la ooli (obtain from hospital oi 
uni versi ty ) ; request broth culture for convenience 
In inoculating 

] beaker (lor the sample) 250 ml. 

student d irecLi ons and references 

! microscope^ slide, immersion oil 

labelling tape 

STATION 7: ANAEROBIC DECOMPOSITION BY MICROORGANISMS 



Equipment : 

1 jar with a tight-fitting lid per class 
aluminum foil to wrap around jar 
labelling tape 

student directions and ref e rences 
STATION 8: CONTROL, FREEZING, AND SETTLING 



Equipmen t : 

3 beakers per class (250 ml c ) 
2 graduated cylinders 
aluminum foil 
tape 

student directions and references 
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SUPPLEMENT #17 



Student Directions for Purification Lab 



STATlOiN 2. 3i FILTRATION 

This is bow water is purified (filter,, g or percolating) 
thr.(o;u gh the groundo . , 



Procedur e t 

!• Four exactly and very slowi,y 200 m , . (miiii lixers ) of 
polluted water into the top of ibe ; olumn. Be sure the 
beaker is directly under ^ .le stem ut the funnel. Note 
and record the time you begin to pou; ^be liquid* 
2* Allow the watej' to completely filter (percolate) 

through the sand, clay or gravel, 
5# Note the ?;ime when no more water drips into the beaker. 
Label the beaker (use tape). 

i period ^_filtrate -'sandj filT(rrlng time min* 

5» Cover beaker Ad. th aluminum foil and place it in the 

refrigerator o 



Everyone ; copy the portion abov-- tnat's boxed-in ([_/). 
Leave thr^e lines for the results and label each line: 
sand 



STATION ^ii ABSORPTION AND FILTRATION BY CHARCOAL 
(CHARCOAL AS A PURIFYING AGENT) 

Charco'il (car bon) absorbs many c hemic al3;» especially 
dyes d those chemicals that are mal odorous (smelly) • 





clay 
gra vel 




no 
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Supplement #17 (Cont.) 
Procedure x 

!• Pour exacTly 200 ml • (mili^iem) poiiated water into a 
beaker. Use a graduated cylinder to measure the liquids 

2. Add one tablespoon (level; of charcoal. 

3. Mix and warm on a hot plate until the mixture .lus t begi n s 
to boil . " 
Let the mixture cool until you can handle It. 

5. Filte) the mixture (obarcual + polluted water) through 
a funnel which should be supported. 

6. Label the beaker (use T/ape)t 

period charcoal absorption 

7. Cover the beaker vri.th aluminum, foil and place it in the 
refrigerator . 

Everyon e ; Copy the portion abo ve that's box eti in (Qj. Leave 
one line for the results. 

STATION 5t DISTILLATION 



(!i:> 



This is a speed version of the evaporation - condensation - 
psrecipitation (r^in) part of the water cycle* 




Procedure: , \ 

1. Pour exactly 200 ml, (milliliter) of polluted Water into 
the flask. Use a graduated f 1 . cylinder to measure the 
liquid. 

2. Set-up the above experiment, Htut the polluted water 
in the flask until it begins to boil. 
Continue heating until a distill =«T:e collects Kn the 
beaker-* 

Label the beaker (use tape)i 

period ^^distillate, distilling time , min. 



5. 
5. 



Cover the beaker with aluminum foil and place|'i!n the 
refrigerator a ^' 



Everyon e t . Copj^ the portion above that's boxed-in ( 
Leave one line for the results. 



I 
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Supplemotii -L/ U '^HH - ; 

STATIOxNi b AEROHIC DKCOMPCiS ? Ti ON iVi MICROORGANISMS 
{ d lti^-*:5 1 i Oil by ba-' ! er i a Thai lu^t^ oxygen) 

This IS how ihe o « nue^^radabJ substances in polluted 
water ai e rf^moved, Baor^ria are gobbling up (digesxmg) 
the b I odegradabi e i\\ i tigs ^ 




Air is bnbUled in tbt^ hacferia g(U enough oxygen to 
*'brea the"" . i [) ou t oxygen ihey cauno t < nmplet cl y 
digest an«i decompose ihe *vn^:::Gs. nMS proi ess ha^pons 
It) swiTiiv moxiiig streams. 

Procedure . 

1. CarefuMy pout th*^ v,;jUure ol Esehe r i oh la (R - sher - 
1 - sh?. ' a) co^l into kV-q orTenmeyer ffask, DO NOT 
GET ANY ON YOUR Ra:\I)S . 

2. Pour exar \ ly UOO ml * (mi i iiliiers) pollated water into the 
Erlenmeyor .flask* Swirj lo mix. 

5o Conneci chc aerator lo iho fia;3k ns'ing iubber tubing. 
Incubate the liask lis a waim dark plae*-*.- 
Label tho flask (use tape); 

per iod bac ler .la 5 d e compos i t i on ( aerobic ) 

Everyone: Copy ibiz |iort.on abov*j thax*s boxed-m { )- 
Leave one i i nc for iht result.Sc 

To the 1 ea < h< \ 

The foiiowini; direcrions snould he placed i\t STATION '6 
also: 

Look HI t Ue mi(, roseope to see ihe stained bacteria* 
Baetei la ate har(] to see unless they are stained (most 
are colo} less;« PLEASE, only focus wi tii the fine 
adjustment knob ( it 's lahei I ed ) . 




the bacteria are the 
ski rmy^ dark-col or ed 
1 ods 



7^ 
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Supplement ; tConi,) 

DO NOT MOVE ANYTHJNT, BUT THE U BELLED KKOB 
DO NOT SHAKE OR M0\ E THE TABLE 

Everyone. Cot;y the poi i^on abav- '^d-in ( ^ 

STATION 7; ANAEROBIC DECOMPOSiTl * . liOOUGAN LS?fS 

(digestion xsy l)actei u uo not use oxygen) 

This is how che hiodegrcidobi e sub^i uces in >vo3luted 

water nre r emov ed . Bacter ia ;^re Hn? np ( di gesting) 

the bxodcarodnblQ thlns ^^Sc 



Tlie lid muiii- be tight because ve wont no oxygen to get 
in the jar. These? bactej ifi d<v not lise oxygen to live. 
They alfiio do not diges; the wasT-es completely. They 
excrete vijry malofiorous (smelly) wastes thomselves as 
they eai. This process happens in stjf.tio ^MiJ^^ ^-^^^ 
stagnant ( non"mo^>ing) or sluggish (si ow-moviiig) bodies 
of water ^ Yon M 1 know these by «he odor. 



Procedi e: 

1. Add the solid was tes vha l "ha ve been screened from the 
polluted water to the jar» Fill the ;jar as fuJl as 
possibl e * I nc Inde some ol ih e 1 i quid also. 

2a Screw the cap on Mghtty. * — 

3* Wrap aluminum foil around tiie glass (remember these 
bac.teria like dark places) 
Label the jar's li<i (use lape): 

peri od ba c t or lai d ecomposi ti on ( anerobic ) 

Everyone : Copy the ijortlon abov c- • Iha^ 's boxed- in ( [J ). 
Leave one line for the results. 

STATION 8; CONTRO!,. FRIsEZING^ AND SETTLJNH 



CONTROL 

We are performing many experiments to try to purify the 
polluted water • How can we tftll how good our methods* 
are unless we can compare our results to the original 
polluted water? Will you remembei exactly how the 
polluted water looks? Just to be sure we* 11 save some 
of the polluted water by storing i r in the refrigerator 
to prevent bacteria from giowin.r: in it too fast. 
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Supplemem #3 7 'vvConxO 
Procedure t 

1. Pour exacxij'^ 20*" mi, (milliliters) of polluted water into 
a clean beaker.o 'Use a graduated cylinder Tl to 
measure the i iquicl . * hi 

2o Label the bearer ( use tape ) t 
pe r i od__ eo nt r o 1 

3« Cover the beaker with cjlumlnum foil and set it in the 
ref rigerat or. 

fYeryonej Copy the portion above that's } )xed-in ( / / 
Leave one line for the results. 

To the teacher 

The following direction? should be placed at STATION 8 
also: 



FREEZING (CRYSTALLIZATION) 

When water Is. frozen most pollutants (impurities) are 
force d out of the water^ Since the water molecules 
bond together* <, the impurities will be found in the 
center of a block of ice^ The ice can^ be melted and 
the center part thrown away, (Well 9 anyway 5 let^s 
try it , o .ok?) l?fSOLTSl 



Pr 0 c e dur e : " " ^ — 

lo Pour exactly 200 ml. (milliliters) of polluted water into 

a beaker o Use a graduated cylinder ^ to measure. 
2. Label the beaker (use tape); jV 

period freezi ng 

5* Place the^beaker in the freezing cc mpartment of the 

refrigerator . 

The next day remove the beaker. Melt mos't of .the ice* 
Remove aid throw away most of the c enter • 

Everyone t Copy the portion above that-s boxed-in ( / / )• 
Leave one line for the results-* 



SETTLTNG- 

In a still body of water ^ many particles that do not 
dissolve wi tl eventually settle to the bottom. Of 
course, this t^oesn't really remove the pollutants, it 
just changes their J ocai^ionj 



Procedure : 

1. Pour exactlj' 200 milliliters of polluted water into 
a beaker , 

2. Label the beaker (use tape);' 

peri od seltlxn^^ 

5* Place the beaker way bac k" infn^he refrigerator where 
it wonH be disturbed. 



Everyon e : copy the portion above that's boxed-in ( p | ) . 
Leave one line for the r esul ts <> u— * 
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UNIT II: IS WATER A RENEWABLE RESOURCE? 

Posx-Aotivixy Plans 

How Our City Treats ItvS Water 

TIME: 3 periods 

SUGGESTED ACTIVITIES 

. Day 1. This pos:t-aotivity should finally answer the 
questioii: wtiich cities Unit !!• — 

In preparation for the field study of the city's 
water and sewage treatment facilities^ review 
supplement #18 ^vith The students. 

Day 2. Trip to the city's water and sewage treatment 
^ M -plant and to a local industry's water treai:- 
me n t f a c i 1 i t i e s 

*'-»»** ' 
Day 3* Review ant wers to the questi oiis with the students* 
Discuss the eff iciency of the loc al system 's 
w^ater and sewage treatment plant. A , question ♦ 
to stimulate discussion might he as follows: 
Is tifeiter a renewable resource?. ;Other points 
to discuss are (l) water is purified of most 
wastes if given time^ and if the cqncentra,tion 
of wastes is not too great 5 (2) today there are 
so many people with such great demands on the. 
water supply that nature's processes must be 
speeded up by using a ^system of water treatment 
w . . plantsj 15) many communities today do not have 
treatment plants or ones that do the most 
' • vaff icient jobj (^1) wastes such as pesticides^ 

heavy meta]Sp radioactive wastes are not removed 
by many treatment plants; (5) pesticides and 
oDher such waste concentrate in the food chain 
causing mutations and death". 
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SPENCIL 



Munic ipa 



!♦ Water ruiifica^i 



Citv of 



Pill in the answers co the following questions: 



!• inhere 'loos ohi Uiiijking water come from? 

2. Is ttie^'e c}s much ivvvir.-r available as there used to 
be? Yes No 

3<> Is \ Hi wai<-r supply as pare as It used to be? 

Yes No 

Facts: 



4. Who' rpotVives treated water from this plant? 
5'* V/hat is the c-^ost of ol.eaning .The water? 

II. Sewage Tr eu cment : 

1 How does the sewage gex to the plant?- 

2. How are ^'he large items of vrash removed? 

5« How are the biodegradable materials (organic wastes) 
removed? 

^. What is done wiih the wasxes removed from the water? 
5« How could our sewage treatment be improved? ^ 

Is it going to be improved? Yes * ffo 

Facts t 

6. How much, does it cosi to ireat the sewage? 

?• How do large ralnfdlls affect our sewage treatment 
plants? 

8o What kirid of sewage treatraenr does our' city have: 

Piimaiy Tertiary 

Sec oudary - None 

9p IvTiat does not gei removed by our treatment plant? 
(List ) 
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WATER FOLLUriOi\'. EXaM 
Choose the best answe r - 

lo l\liich play a pc^r-r. in the natural Vciter cycle: 
a , evaporati on ; b , condensat ion j c - anima 1 s ; 
(1. plants; e. all four ; f ^ all except (c ) 

2. People who- live m our city obtain their drinking 
va ter from : 

a . ty. 
c. do 

3» How much of the ear^h is cover f^d with water? 

a, l/h} b. l/2y c. d> l/^? 

Rain water sinks into the ground until it reaches 
a certain level called the a, seepage line; 

b, water table^ c. art.j-:sian we i i , d. water line 

5. Into what body of water is trea>ed sewage from 
our city discharged: 

^ — ^a,* bo 
c o d . 

6. Hain and snow XhaL don't seep into the ground: 
a\ evaporate; b. are absorbed by plants; 

Co are used by animals | d. fill lakes, rivers, 
arid> other bodies of watery only a. b; and o; 
g c all h ( a , b , c , d ) 

?• Which statement best describes water: 

a« water is a renewable resourt, b^ water is a 
renewable resource only under noimai natural con- 
ditions^ but not when man pollutes 1 1 so heavily 
and with so many kinas of chemicals, Co during 
the water cyclo, water is purified; d. new water 
molecules ai'G always being foimed so that we'll 
never run out of fresh water 

8, The i-eaily bad thjng about poisons that pollute 

water is that: a> even m ^ery small aniounxs, they 
are dangerous^ b many liave no .)dor , no coior^ no 
taste so you don't know you're eaiing them; 

c, thei e are so many different kinds that most 
aren't even tested for dUd no ""esi is known for 
some; d. the poisons stay m youi body and accumu- 
late causing damage many years from now; e -> all the 
above are really bad things 
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9» \vlii('h or ^hf* ic 'i lowing cioi^^ w'-- \:\ay a roie m the 
nciVui'al i.wi i. f . <i1" ; 01} 0/ '^a-^i^x: d » bacteria; 
b. e^"dpoj civ ion 5 c# filTra'cion tnroagh soil; 
d# olumirruni sr/ifote cind -^'lum coagulation; 

e. f reeziijg 

10. of Theoe c ontri but es 'co poiiataon: 

a » land a lai s e s j b . air p o 1 1 u x i o n ; e * rain; 
d. septic rjiiks^ e.. all above; t\ all except (c) 

il* Vliich of the ToViOAviug u)C^'<r'jOds remo^''es all im- 

purit les (po"l] utants ) ir,>ia v;dt er i a. filtration 
through soil: b. chorv^oal absorption; freezing; 
d» ilihizl ilaTior-; aerobic bacteria; 

f. artaorobio- bacxexia; g. none of the above removes 
all poi i lit ants 

12 o A swiftly moving stream purifies vater by all the 
following except one. \/lnch method would not be 
at work? 

a. aerobic bacteria 5 b., fi it rati on; c# settling 
out of large particles^ d. ana(<fcrobic bacteria 

Write the proper ti^rms beside xue definition: 

ALGAE, PATEIOCtENIC, BIODEGRADABLE, PHOSPHATES, POTABLE, 
TOXIC, EFFLUENT rdRBID, NITRATES, MALODOROUS 

13o The liquid leix after sewage is treated 

14^ Poisonous 

15* Can be decomposed by organisms 

16. Two chemicals preseni in sewage and fertilizers 
that feed al gae 

17 • Disease-causi ng bactex ia 

38. Water thiat can be drunk 

19* Tiny plants 1 i.vi.ng in wM tr (vnat most people" 
call rsi unV' ) 
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III. Choose the best answei 

20 o The wasT e remov ed from ne wai ex at ; he sewage 
treatmem- plan-^ (tbe dried sludge) xs\ 
Qo buried^ hot used as a fertilizers but 
could be; c dumped Mito the river along with 
the efflueiiT; d^ onjy a and b above,* e. all 
three-c*9b5( 

21. Which of r.nf lOiiowing processes p^^y^ main 
role in reuiovitig v-jstes from the sewage at the 
city plant : a f i I rers ; b^ c hemicals j 

c o bacter io ; d , se ' t ling lanivs 

22. Our city's sewage receives: primary 
treatment; bo sei'oxida ry ireaimenc ; c> tertiary 
treatment; do no i reatment 

IV, Please place these events ( 23-28 ) m the proper 
order in which they occur in a body ot water o 
Number them from 1 to 6, 

23-* bacteria over -popula le 

. 24;, algae overpopulate due to over- 

abundance of nutrients 

25- huge masses of algae die 

260 large amounts of nitrates and phosphates 

enter the water from farm run~off; 
sewage and effluent from sewage treat 
ment plants 

27 • the oxyg( \ is used up 

_ ' 28o the fish die 



29* the ierm which best describes "^he above series 
of events is : algal bi 00m, b, eutrophio^ 

ti'^^n; c. suf loi 3t 1 on ; d. poisoning • 
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V, Arrange zhi-: t .) 1 *i ju*: o^, ^ Vzc^'s ir, voe proper ord^r, 

numb e r i ng ' ^ U em f r > m \ r I) . 
• • 
50» The birds b^ roizie Ktirict 

31. The di*'i.l> .tmpri^s into rne river 

32» Tne p lankt.'.*r: ( er: r'ne DOT and dle^ the lish eat 
the p iaoKtori 

33'v The bijtds 9.'dii fun xish 

34, The fcr er spidvs DDT ox} nis cotton 

35» The birfis iay eggs 

36 • The soil anu DDT vasii in:'> the ditch 

37- The river ernptie^i iato t*i€* ocean 

38. ihe ^^ggrf dou'^ evf^r batch 

39# The raiti rinses "be DDT inr.o tVso ground 

^0. It r<.iini: 



VI o Choose the best "answer » 

^1. Whioh VI rhe /vjicwing, ^ s .not true about DDT: 
u. )^ evoporaies With waver^ b. ii lasts for 
' many vfars w-. !bOiP bieak>!ig dovvti; c. it is 

bi odegrfHia bl i J d. kiiis the oxygen-producing 

piank'.CMi ihp ^^^^\ex .e. )i is poisonOus to 
man . 

W^'iicb the f v> i I 'vpe-s of pollutants is 

net rf^movea i r^>m Wr^^ ? j- 'oy d} sxi L ). ation^ 
a. • inos" d > ^ , b« sjiui . r -^^loj-vr solid particTes; 
c . salt iii fii ixx rue wart-r; d. chemicals 

tha t e V upor r>T. c^^s i I y 

To finfi Mu': xh^yi-' is 0 possibilixy of patho- 
genic buv.T»:2ia b*ijjg .pr^:?>er3T in d water supply, 
whi<"h resv i s run. a c tur bidiry test 5 
b* col JL f m ^ 5 c . pbosphaxe test ; 
d , none 0 x ^re 

kk. To find our > f ^>)f >t IS rj ioi of biodegradable 

garbage Jn Jbe Wd' er ihoi }S being decayed, which 
test IS ius), dissolved lixygt^n^ b. coliform 

test ; t . lur bidi*^ d pH 
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45» To find out if the water is being polluted by acid 
ilBlite from factories and mineSj which test is run: 
a« pffij b« turbidity; c, phosphates; d. nitrate 

kG^ Wiich test will tell you if untreated sewage is 

getting into the water: a, coliform test; b. pH; 
c - tUr bi d i t y ^j^^ phosphate 

k7 • A body of- water that shows a large amount of 

phosphate and nitrate: a* is in danger of eutrophi- 
cation; b, may receive large number of treated or 
untreated sewage; c. may receive a lot of farm 
run-off; d, all of the above 

48 • If a body of water is very turbid and its bottom 

is silty and soft: a^ it -s receiving a lot of land 

polliitiOTiJ b, the surifounding land is eroding; 

c. the fish may not be^able to survive; d. all the 

above 

k9^ If you find a lot of coliform bacteria in the water: 
a« it means the water is safe to drink; 

b. it^ means no fish or shellfish that live in the ^ 
water can be eaten; 

c. i t means there is a lot of farm run-off in-that 
ar ea ; 

d. all of the above 

50 . Whi ch s tat ement i s NOT true V 

a. water chemistry test must be performed very 
accurately; 

b. when you do water chemistry tests you must rinse 
all equipment with distilled water;. 

c# in the coliform test^ the broth^ pipettes, and 
most other equipment must be steril ized ; 

d. if you don't have time to^ rtin the water tests 
in one day^ you can keep some of the water 
sample and run some of the tests on another day 
-1 — 

5l» Which of the following quotes is made by an owl: 
a» "♦aAlution makes the world go brown" 
b« "Qive ?} hoor^ don't pollute" 

c. "If you're not a part of the solution^ you^re,.^ 
part of the pollution" ^• 

d» "Wildlife is trying to tell us something; seen 
any wildlife lateJy?" 




S5 
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STENC 1 L 
SDPPLEMENr ^19 
Answer. Sheet an'' Kev to .Ex£itn 



1, 


.e , 


J • 


c -> 


5. 




7. 


b. 


9. 




13 . 





13. 


effluent 


15. 


bipdegr auanle . 


17. 


pathogenic 


19. 




21. 


e , 


23. 


^, 


25. 


,3. 


27. 


5. 


29. 


1). 


31. 


5. 


33. 


8. 


35, 


9, 


37, 




39» 


3 . 


^1. 


■ C 0 


^3. 




^5. 


a « 


^7, 


d. 


^9. 


bo 


51. 


b. 











6, 


g ; ^ 


». 




10. 




1 2 0 




"i. h , 


TOXIC 








T;ot<i'h7.e 


20, 




22, 




2^1, 


2. ■ 


26. 


1 , 


28, 


6. ' 


50, 


. Jiij . — . 


3-2, 




3^. 




56, 




58 = 




^0 




42o 




^4. 


a . 


^6, 


a > 


?.8. 


c * - 


50, 


a. 
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UNIT III PLAN 

UNIT III TITLE? SCIENTIFIC ANALYSIS OF LOCAL WATER QUALITY 

TIME? Based on a twelve week schedule you can spend any- 
where from 9i to Ik periods on this unit depending 
on how much emphasis you w^ish to give it and the 
number of activities you include. 

PURPOSE OR OBJECTIVE 

For students to become knowledgeable of how waterv/ays* 
are classified and of the classification of local waterways. 

By performing certain analytical tests, students wiJJ 
gain experience in performing scientific tests; will acquire 
skills and accuracy in water quality analysis; will have the 
knowledge and experience necessary to evaluate the quality 
of local waterways; and will be able to initiate the forma- 
tion of a plan for solving a local water quality p^^blem. 

ABSTRACT 

Students first become acquainted with the method for 
classifying surface waters^ Then the classifications of 
1 ocal waterways are. noted . To increase the students ' 
knowledge, authorities in water quality analysis are visited 
or invited into the classroom as speakers. Following this, 
water analysis of a local major waterway is undertaken. 
Based upon the advice of authorities and the results of 
tlie students' (or authorities) watei sf^idies, a local 
problem is identified and a plan is initiated to attempt 
to solve this problem* 
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UNIT IIX SCHEDULE * 

To the teacher 

Given are several suggested activities for which there 
are different approaches. All the activities do not have 
to he done. How much time is spent on this unit directly 
relates to the amount of emphc^sis you wish to place on 
Unit IV. Perhaps the best suggestion is to prepare a 
tentative outline and subject it to change once you and 
your students are engpged in the activities and you are more 
knowledge^ible of the ir respons e . to the ma ter ia 1 s « 



PART A CHEMlCi\L ANAIA'SIS appfdxima lely 7 periods 

Introduc ti on 
. Lecture or Tour 
Prac ti oe Sta lions • 
Performing Chemical Tests 
Discussion of Results 

par; B bacterial analysis approximately 7 periods 

Introduc ti on 

Lecture or Teacher Presentation 
Praeti ce Stat i ons 
Performing Bacterial Tests 
Analyzing Results 
Discussion of Results 

^AAT C EVA1.UATI0>VAND approxirb, ; ly 2 periods 

SELECTION OF A PROJECT 



/ 



8b 
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UNIT 111 
Equipment and Supplies 



Chemical Analysis of Water 

Test kits are available which contain all the supplies 
needed, however the kits are costlj'r Supplements 22 and 
2k are written for use with kits, but if youi=- sohoo 1 
cannot afford to purchase the listed ma^^jej^ls, contact 
your municipal water plant and the ncr5iest office for the 
Board of Water and Air Resources ^ Department of Natural 
and Economic Resources (in North Carolina) for assistance 
and possibly- demons tra tions . Local water softener 
companies may also be of some lieip 

Delta Scientific ModeJ 50 Portable Laboiatory includes 
built-in test meter, color filters, lab ware, 
reagents to perform 21 tests tori acidity, alkalinity 
bromine, calcium hardness, carbon dioxide, chlorides, 
chlorine, chromatCj copper <, hydroii^en sulfide, iron, 
manganese, nitrate nitrogen^, nitrite nitro^gen, phos- 
phate and pel yphosphate , pll, turbidity , sUl fate , 
sulfite . ( refills available ) > 

Cost: $2k8 { ! ) 

Address : Del ta Scientific Corporati on 
120 EasJ^^Hof fman Avenue 
Lijijl^jlTiurst, Y. U757 

Phone :"-"t51 1> ) S&h ^^^hk22 

Model EDO Code 7^1 k Dissoiyeri Oxygen 

Uses modified Winkler method; makes 25 tests; is a 
^ield kit . , 

Cost: $19.95 

Address : Educati^onal Produc ts Division 

LaMoite Chemical Products Company 
Chester! own p Maryland _21b20 

Phone: (501) 77^-5iOO 

LaMottc offers individual lesi kits for anyxliemical 
analysis. For example, tlieir kit to determine 
total hardness costs ?f7.50, phosphate costs $35*00. - 



87 



FILMED FROM BEST AVAILABLE COPY 



Water Analysis Manual by Dr. Charles Renn , provides 
technical information concerning the performance and 
interpretation of the most commonly derermined 
chemical analyses (written primarily to be used 
with the LaMotte test kits). 

^ Cost: $.50 

Published by: Educational Products Division 

laMotte Chemical Products Company 
Chestertown, Maryland 21620 

Water sampling bottle: 

LaMotte sells one for $24.95^ (code 1060 ) however 
your local water plant operator can show, you how to 
mke your own, or lend you theirs o 



SiOjff ViEMt FRONT VIBVJ 




Thermometer : 

Even an inexpensive indoo^^-outdoor type is adequate. 



II. Bacteriological Analysis of Water 

See pagal28for listing. We suggest you visit your 
hospital; water plant; county health department; 
nearest office of the Board of Water and Air Resources, 
Department of Natural and Economic Resources (in 
North Carolina); or nearby university. Any of these 
would probably loan you equipmeni, sterilize your 
media, and give you enough of the dehydrated E.M.B. 
and Nutrient Broth to perform the fecal coliform 
analysis • 
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SUPPLEMENTS 

Part A 

20. Student. Station Directions 

21. A Quiz on Laboratory Techniques and Key 

22. Perfoming the Lab Analysis of Local Water Quality 

23. The Cheaical Analysis of ^ater - Student Worksheet 
and Key - I 

Part B and C 

24. A Manual For the Analysis of Colifom Bacteria 
in Fresh Water 

25. The Bactieriolor. ^oal Analysis of Water - Student 
Worksheet and Lj> 



I ; d^Ay iil The: day ^^p^^^^^ actiyiiy requesfc students lo 

hf ^/ ^r^i^ng :co^^ ^^6 cta^^ Also 

Tr ha ve a^^^ a: ma^^^ 6f t he^ t 

I ' . k§t%U93 ^ ^ oyfity ?^ 3 map. |0f jbfte mag or 

I ^y?^f §f3FYi3^^ fey $l}§^^^^^^^^^^ seiner /lysteni^^^^^^^ 

1^ iJie sti/flrm di^^ system) . Ml can be (Obtained 

I f rom ,the it is mo s^^^^ 

; ^ ^ seniaviL^^ Sta te 

: f : : ^ / Walter 

- 1 your^^^h^^^ .p^tor fc^^i the .ylii t j 

T SMil^s 9 ^^J^ss p^ with Afe^ 'Fhe speakei^ 

f I ^ _ should the students in fielpliig Phem 

t V bbil^^^ f hf |e tea^^ tfie cl:as^^ of 

I V C iocai wat^eri^^^^ 

T |p if^^ Cyxjg^^^ Ndj^th;^^ Adapted 

I / ^ : :i by |he ^ftJfri^C^^^ Aij: 

|; Vv ^ Resoti^^^ and :(^^^^^^ Jhe t&cai 

? V - dSSefcen^^ cd:|o> t^^^ 

I ^ i §M pS^fMilu^a^^^ li§ sH qui^ so idpn t^^ 

1 : ^ study area^^^^^^^^ imprjaX-ioig, and 

3- ^ ^ ^^^^3?^^ - 



Jjat^^^ yQju. are.:U tp obtain a speaker > you can 

^^:p:^;ier th^^ y:qjar stud<|nt^^^^^^ It Wuld 

ribe hjelpf^^ to ha yd the to the stu> 

idSnt§ during the discus^^ mdp of the ar^^^ swerved by 

itfie s^^^ s^Wer system and a j(§.p of th^^^ 

lyst^ffl iJ?^^^ |{!§se maps can be obj^^^^^ f rom^^ y^^ EopaJ 



-Will 



entity of SifS^^ ^poliu^^^^ 
J |'i>;g o ipe a^l ci^^^^ d raSm on^ o ne piecfe 



J 



Day 3::- 



.AVipa$nnlng; ipjeiii 6d\ ftow needed^ ;|d d'ecidl iwha t 

to the- No&tii. Paro^fin&^ Standafed^^^ ipuaM^tyi, 

youp-q\m %irme andyS^^ < 

tf sifes to j^^^^^ Itt i?s fp o^^ iocfall jiniMr 

yeipsh^^ watfcei^ p:J:ant.|^ ?6x' iloca^^^ Board i^f^fW^^ 

and= :Mp' Resour^e^es^^ cquidl:g^^ ^9H' ^ quifppe 

llb-gxp^^^ isfeM^i ?raay 5^^^ 'tbogged 

alffdi 1^(99^^^^^ t^P 3 Wlo!9? 

^ jfcB^^ {geg^onyj aii^ ^ th^s^spCa^ oH 

4^3 ^^a:sn|^n3^^ > BISK 

exgeJ^lenSf^i §g ^^eJn^iidous^^iS^^^^^ 



tsM^^l^abi^^^ ipHffipiKfe |$§^?9 



S f 



{(i%ss alyfd^^ ^ox3^gen^(^s^^^ f i x|4^^ to p iie^ 

^MgfeMgj JiSlt ra^^5 J15oM|: Jph 9f p Ka t § s,f^ 

tuEbg^^^ V V 



11 ^. il: 



§1 -i - 



t(B^ts ll^Qfr ^$4®?^ 0^^iyv3'^.^^^^ sample Be- 

fti^a^Jyiou^ r6:^cjSw:i^ villi Jbegdn^ 



Bay 5^ 



is ;p^e j3S^n^ ;^d: :pe^ wa^er anaaysls:^ --fk,_ 

%eac1|e ocftp^flb^^ ,s:tuiJ:en$ sta^ 

t^igftf^iojoai^ ^ seij up.^ vpie |^iiei:er^ 

sta fciiO^ns^^^^ in supp^em^n^ DepeM 

upph: tfie stuaSn^st"^ expe^^ es ? 

jpejpj^odr t0S :mM way ^riot aiig f noli ghf^^ ^or 

ll^ati^^^^^^ :%p- sujp(|L^mf^^^^ #20 )> A qui? ^ 

§u|p|em^^^^ pi" 
^ustnit: ^ es/fc feM^^^^ ^RIcB? s^u cia 
i5:6MpaHy}f;-^^^ ?^Jf£o^;^^ 



.a^je ^se|%up^ ^piL^^ ^f^fe^tt^ i^e^s^^^ 1^ 

cals^aM appro- 

t^prt^iaM tftey fia^ #§figP^ 

a^anp^^ 
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UNIT III: SCIENTIFIC ANALYSIS OP LOCAL WATER QUAJ.ITi' 

. Part B and C Plans 

Bacterial Anal ysis 

TIME: approximately 7 periods (b) and approximately 
2 periods (C) 

SUGGESTED ACTIVITIES: 

Day 8: Prior to this period the students should have read 
over the manual for bacterial analysis and have 
some vague idea of what will be done in the bacte- 
rial aiialysis of the water sample. It would be 
helpful if some time were spert discussing the 
bacterial analysis, such as ;\'hy it's being performed 
(theory). During this period tb« students cou Id be 
divided into several groups ay follows: 



Group No.. Act.jvi t : 



1 prepare the water sampling bottles 

(refer to page 110) 

2. prepare the Double Strength 

Lactose Broth (DSLB) refer to 
p afi;e 129 of the manual 



3 prepare the Single Strength 

Lactose Broth (SSLB) refer 
to page/130 of the manual 

4 prepare the Eosine Methylene 

Blue Agar (EMB) refer tO page 1^ 
of the manual- 



Each group should read the directions given in the manual 
very carefully, becoming familiar wd th exactly what they 
are to do on Day 9 and how to use the equipment. The stja- 
dents may practice without mixing any chemicals. (Naturally 
you will need to have the equipment avail<)bie for Day 9o) 

Day 9: Each group is to complete within the period the 
necessary preparations (refer to Day 8). 

Note: store the preparations in the refrigerator 
until used 
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The students should remain in the same groups but each group 
will have the following preparations to practice on Day 10 
(once again this will be a '']p-racti ce"rday ) : 

Group No » Activity 

following the directions given on 
pages 132 through IJioi the manual 
practice performing the initial 
test 

3 & ^ following the direclions given 

on pages 135? 

practice performing those activities 
given 

Naturally you will need to have the equipment available for 
student use (refer to the manual for the necessary materials). 
Each group should read the directions given in the manual 
very carefully becoming familiar with exactly ^vhat they are 
to do on Day 10# You could use water blanks instead of 
tubes of brotho 

Day 10: Elac.h group is to practice performing those tests 
they're responsible for''(if you wish to expose all 
the students to all tests then have fruit basket 
turn oyer on Day 11; that is 5, simply reverse the 
group activities or if you do not wish to spend "an 
additional day have each group explain what they 
did); remind the students that on Day 11 they'll 
be performing the actual tests 

Day 11: Prior to class^ teacher (and students) collect 

water samples; during class the students perform 
the tests in groups (if a group finishes early 
then they can observe others); the students should 
read pages I36 - 1^0 in the manual prior to 
Day 12. 

Yes, Days 5 through 11 can- be nerve-racking for the teacher. 
Yes,, a lot of time can be saved by you making the prepara- 
tions yourself, but the students enjoy the experience and 
Lmany valuable skills and much knowledge are gained! 



1 & 2 



9 

/ 



95 



FILMED FROM BEST AVAILABLE COPY 



Day 12: As the coliform test will continue for three or four 
more days, the students should remain in the groups. 
Each group should he assigned cexTdin responsibilities 



For example 
Group No> 
1 



2 & 3 



Actl vi t y 

this group should check for gas 
produc t ion in Inicial Test tubes 
after 12 and 2'^^houVs9 the resiilrs 
should be reoorde(|,as explained 
in the manual on f.pa*^ge 137 

this group should perform the 
confirmation rest as explained 
on pages ) and 1 35 

this group should check thp EMB 
plates and record the results as 
explained on page 138 



Time could be allotted at the beginning of each period for 
the students to perform their activity; record results, and 
have a follow-up discussion* Naturally after completion of 
the Confirmation Test the results should be recorded on the 
chart (refer to Day 6), evaluation and discussion of the 
results should follow (this may require one period to complete). 

Part C 

If the entire period is not required for the students to 
perform their activity and record the results then the 
remainder of the period may be' spent on either of the f^l- 
lowing activities: 



Activity #1: 



Activity #2: 



during the remainder of the period 
the students could answer the 
questions given in supplement #25 

as a result of their analysis of 
their drinking water the students 
have gained a wealth of knowledge 
.of some of the problems existing in 
their town* This would be an 
appropriate ti frie l ur the students to 
decide on a larger problem in their 
town they would like to study in 
depth. Try to get the students to 
zero in on The major problems^ their 
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idea ioi solving rhe problem. Their 
pi ans^ and r easotis 1 Or ^;ol ving the 
pi obi ems • Some exampl o« of possi b'l e 
pfojrcls tirb :iiv(n in Appendix 1 
(rbis would bo very usf-nil in the i lass 
discussion ^nd as a roi\ for diiecting 
the student s m the discussion) » One e 
the students ha v-e decided on a project 
invite an author iuy to class to discuss 
pnssi hli e pi Tirol plajis tor solving 
tht- problem The class huo selected as 
rue pi o j(3 1 e 

Studeni researijj Their proiect is 
excel Tl ent i n Uri i ' H', 
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S i < :i ^ S V'? - } n r- • ; ' . Mi.- 
To tlie rf<1lh^M 

pin ted a* ttie f ^ ' " •'>« r-.]j; ,n»' r iir , 

minimal A l i i .-i .<;.iipmeij: i d ^ tr.!-/-; I * roiAi 
Slat ion. 



STATION /; U , V i rnu \ n / ,s 



I hat ^ s I H I fh h »x 1 — ^ '^"'^ 



STATION -/J . J fce ->! ^htm 



These (iitiniidf:^ w • i n.u^ii * ^i.-.^*:-. s r>i • sl< l 

all bo M 1 Li!i!lliiil2iii^.il ^ ' '^-^^ ' 'J-"'- ^ ^ ' ^ i / *^ ' jO .su ' « 

get ,tn, and rfui^muci: oy^ li.n \ g^-^'^iPt Don i 

CONTAMINATE cl'.m>t ? >> ^ -uc^Miig 'J.-'pp^i ' v - .Ui , 

thing or by pu" * mg ^ii.. ' -^ovi- Di- (h • ho? » 

DirecJions. R< lUi ^ \i t\ ' ;{ v o *s < i o foj m.; ? ; on 
tha t ' s 1 1; I he b^)X • j * — • 7 

j 



STATION T^rv. i^^Av fi^. L\m.m^- 

{. I cM • 
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Supplement #20 (Conto) 

kc If the balance arm does nox point lo zero, move 
the lightest weight to the right until ihs arm 
points to zeroo Read the value of the weigijis 
and record the value c 

5c Add the weight of the paper- to the amount you 

^eed to weigh* Move ihe weights along the scales 
' , iin.til they read the wexgtit you want* 

6/ Gently tap the chemical you wish to wengi) onto 
the paper (don't use a spoon) until the balance 
arm again points to zero. If you add too much 
chemical 9 throw out the extra. DON' f puf it ba(k 
into the jar. Recap the jar. 

7^ Practice by weighing the objects set out by the 
teacher. 



Directions: Read, then summa rize all .the iniofmanoi) 
that's in the box . Practice usinrr iJ 

balance. Record the weight o'f all the obje<:^ wei.a,h 

Equipment: 5 balances, paper cut into squdrc*^- 

(3" X 3")^ several jars of chemii.njS; 
empty beaker or bowl for waste cbomioalfj 
several objects (at least three) (o be 
.weighed 



STATION #^: Pipettes 

Pipettes are used to measure^ very accurately, small 
quantities of water or other liquids. He careful 
with them - they're very EXPENSIVE ; 

the tips break easxlyj 

they can roll off tables. 

^ To use: 

1. Hold the pipette in your writing hand. Insert 
the pipette carefully into the liquid. DON'T 
bang the tip on the bottom of the beaker or jar! 

2o Place >our mouth on the pipette* Slowly draw up 
the^ liquid as you would on a straw in mi lkj» but 
VATCH so you stop before the liquid reaches the 
TOP! 

3# Quickly remove your mouth and push your index 
finger over the opening to hold ihe liquid in 
the pipette. 
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Supplement #2P (Cont.', 

Hold the pipette at d slaru^ supporting it with 
your left hand'* 




Release your index Tinger jusi (enough to. allow 
the liquid to flow out. Stop tlie flow ^vhen it 
reaches the zero mark by pressing vour index 
finger hard over, the opening. Hold tlie pipette 
at eye level to read il • ^ 



Read where the bottom of ^ht^ MEN iSC US hits the 
markl 



here' 

6. Dispense (release) as mucli liquid as you necd^ 



Directions, read, then summariife viil rhe information 
that's in the box i , . Fr<jo<ii/e using a 



pipette • Cover the mouth* pi cce wirh Siiran wrap as 
these pipettes have not been sterilized* 

Equipment: several pipettf^s of different volumes., 
saran wrap or paper lOwelS; jars of tqp 
water 



STATION #5: Filtration 

Folding Filter Paper: 

\. fold the filter paper in hail ^ ■ 
2. fold the filter paper in h:jlf again 
I 3* open one end to form a c^ne ^[^^^J^r«<U ^bl^S 
k. insert cone in the funnel Ot)^ ^^^ct 



set in Che tripod 



Filtration: 

1# Before filtering youi watei -umpje* linse the fil- 
ter paper with distilled Wdtei and discard (throw | 
away) the filtrate {xlie wa ei that com^s through ' 
the filter). { 

I 
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Supplement #20 (Coni.) 

Directions: Read'i^tfien suiraarize the information 
in the box* Practice folding filter paper and 
filtering a water sample* 

Equipment: filter paper or plain paper cut lu cucic*s, 
a water samp) e 9 beiiker, tripod, distilled 
water* 



STATION #6: Accuracy 

The chemical tests we will do will only be accurate 11 
you read the directions and follow them exactly . All 
measurements must be exact* There are two mcasiu nmcni s 
which require special attention: 

1« dropper bottles 

2* microburettes 

Dropper Bottles 
.1* To measure drops^ turn the bott leupsi tiov.ri; , 



^ oburette 

I* To fill, jiush the plunger in all the way to push 

out all the air from the barrel* 
2* Push the tip of the burette into a bottle of 

reagent. 

3* Turn the reagent bottle upside down so the <i 
liquid touches the tip of the burette^ 



o 



Squeeze and count each 



not at a slant* 
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Supplement #20 (Cont.) 

k. Full slowly on the plunger to draw out the reagent 

(liquid in the bottle), 
5. Keep filling the burette until the liquid touches 

the zero mark. 




6. Turn the bottle right side up before removing the 
burette. 

?• Grasp the burette on the barrel and pull out of 
the bottle; wipe any liquid off the tip of the 
burette . 





























L 









8. Recap the bottle of reagent. 
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Sup|riemejnt^20 {Corit , ) 

9: Xo use the burette ( to "t i'.trate*' ) : 

a. insert the burette tip into the cap of the 
flask holding the sample to be tested 

b, push; using a twisting motion, the plunger 
with your hand 

add only a drop at a time , 
d. mix: the sample well after each drop is added 




Sample "^o "i^steJL 



\ 



BOW to read the amount used: 

- notice each major division is divided into 
minor divisions 

- each large (major) division equals 0,2 parts 
per million (ppm) dissolved. oxygen (D.O*) 

- each small (minor) division equals 0.0k parts 
per million (ppa) dissolved oxygen 

Note: The values given are for the test for 
dissolved qx:ygen only* Other tests using the 
microburette have different values. 



C€ad here 




r j5i 



Directions: Read, then summarize the information that's 
in the box I I . Copy the* information given in 
9 (e). Practice usin^; a dropper bottle, a microburette 
and titrating with a microburette. 

Equipment : dropper bottle, microburette, reagent 

bottle, flask with hole in the cap, jar 
pf water, paper towels 
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Supplement #20 (Cont . ) 
STATION #7: Photometer 




battery 



How it works: 



I' 1 

c^oes 'here 



nr\eTer 



There is a light bulb in the housing and a light meter 
opposite ito The brighter the light, the more current 
is produced by the light meter. The current produced 
is read on the scale (0 to 50), ^ If you put your sam- 
ple in the path of the light, it will block some of 
the light. You vill read how much light is blocked 
on the scale. Jo jj^ 




How to use it (the photometer): 



Check to see that the meter needle points to 50 on the 
scale when the button is not pressed. If not, adjust 
to 50 by rotating the screw in the meter cover. Use 
only the glass test cells provided to test the sample 
in. Pill the cell at least to the mark (this is 
10 ml.)o The cells must be clean, dry, and free of 
finger prints. Hold the cell toward a light to check 
for dirt and grease before putting it in the meter. 
Carefully pour your sample into a test cell just be- 
fore using the photometer. 

Each experiment requires you to prepare a "blank". 
This is a solution, often plain water, that you fill 
a test cell with and insert into the photometer^ Next, 
you place the correct filter into the slot. Press 
the buttom (push the button only long enough to make 
a reading so the lamp and battery will last longer). 
Turn the knob to set the needle to zero. Quickly 
release the buttom and remove the blank. iReplace the 
blank with the sample. Press the button and read the 
value on the scale (do not turn the knob). Release 
the button quickly! 

What is it used for: 



The photometer is used to test for turbidity, phosphate 
and nitrates. 
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Directions: Read, then summari ze . the information 
that's in the box t ■ 



Practice using the 



photometer* 

Equipment: photometer (Delta Scientific Corporation ) ^ 
water sample (this can be from the river 
the class polluted earlier) 
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STENCIL 
SUPPLEMENT #21 
A Quiz on Laboratory Techniques and Key 

Name 

Period 



Directions: Place the correct answer on noxebook paper, 
!• Multiple Choice 

1. The object below is: (a) a raicroburette j 

(b) a pipette; (c) a beaker; (d) a funnel 

■ ^ 

2. The use of the object in #1 is: (a) to measure 
small amounts of water or other liquid very 
correctly; (b) to filter water samples (remove 
much of the solid materials), the filter paper 
must be put in this object; (c) to test for 
turbidity, nitrates, and phosphates; (d) none of 
these 

3# When filtering a water sample, the water that 

comes through the filter paper and is collected is 
called the: (a) meniscus; (b) filtrate; 

(c) water sample; (d) waste water 

Before filtering a water sample, you should always 
rinse the filter paper with: (a) polluted water; 
(b) sulfuric acid; (c) lime; (d) disti lied water 

5# The object below is: (a) a funnel; (b) a micro- 
burette; (c) a pipette; (d) a balance 



6o All lab equipment needs to be cleaned before using 
it in a lab because: (a) we are testing the exact 
amount of chemicals present in our water sample 
(not on our fingers or lab equipment)!; (b) we are 
testing for the presence of certail chemicals and 
if some of the equipment is contaminated our results 
would be affected} (c) both of these; (d) only b 
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7. The object at the tip of the arrow is; (a) a balance 
(b) a pipette; (c) a photometer; (d) a microburette 




8. The object below is; (a) a balance; (b) a pipette; 
(c) a microburette; (d) a photometer 



9-13 Arrange the following steps of how to^se a ^ 
pipette in the correct order: (Number 1-5} 

9. Quickly remove your /iiouth and put your Index finger 
over the opening . 

10. Hold the pipette in your writing hand. Insert t&e 
pipette into the liquid. 

11. Hold the pipette at a slant and release enough to 
allow the liquid to flow out. 

12. Place your mouth on* the pipette. 

13. Slowly draw up the liquid as. you would when drink- 
ing milk with a straw. 

1^ - 19 Arrange in order the steps involved in using a 
balance: (Number 1-6) 

1^.^ Place square of paper on the balance pan. 

15. Set all wefights on zero. 

16. With the paper on the pan move the weights until the 
balance arm points to zero . 

17. Gently tap thfe chemical you wish to weigh, onto the 
paper already on the balance pan. 

18. Check to see that the balance arm points to zero. 

19. With tTie chemical on the paper move the weights 
until the balance arm points to zero • 



II. Grouping 
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III. Short Answer 

20» How much liquid has been released? (Note diagram 
on the board) 

21 • What is a photometer used to test for? 

22. Explain exactl y how to use a dropper bottle^ 

23 • Using object A weigh and record the weight of: 
(note the board) 

24* Note the (diagram on the board. Record the weight 
shown. 

25 - 28 Identify the objects held by your teacher. 

29» Fold a piece of filter paper correctly and 

staple it to the test as if it were being. put 
in a lunnel • 

30. When you complete the test begin reading the 
sheet on chemical tests. 
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KEY 

1. Multiple Cboicf Hi. Shoi t Answer 



I. 


d 


20. 


F la ce a drawing on ih e 








boiird of v'i pipette wiih 


2. 


b 




a c er f.a i n amount o r 








] i qmd in i t,. 




b 










21 , 


To test for turbidiity. 




cl 




ni t rat es , und phosphates 


~) ■ 


c 




Turn the d ro ppe r bo 1 1 1 e 








upsidG down and squeeze; 


6. 


c 




c ou nt e c; h drop; do n I 








let the bottle slant, 


7. 


d 




always keep it at the 








same angle for each 




d 




squee ze. 



II . Gr ou.ping '9-13 



9c 


k 


10. 


1 


11 . 


5 




2 


15. 


5 



Grouping \h - \9 



\k. 


3 


15. 


1 


16. 


'1 


17. 


5 


18. 


2 


I9o 


6 



23» F;lace a balance on each 
cable and have each stu- 
dent weigh an object; and 
record the weight. 

2k pi ace a drawing of a 
balance on the board 
showing the weight of 
object X; the students 
record the weight of 
object X . 

25 ' 2S The students are to 
idem i fy three objec ts 
they have learned how 
to use (e.g, a pipette p 
a funnel J and fil ter 
pa per ) , 

29. Check to see that the 
studenT.:*s filter paper 
IS folded properly and 
pinned to the answer 
sheet as if it were in 
a funnelo 

30, Refer to supplement #22^ 
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SUPPLEMENT #22 • 
Collection of Water Samples 
The professional method for collecting water samples: 
1. Prepare water sampling bottle apparatus: 
^^TBjes JK Jk i-m^Ve3 




2. Lower bottles to one-^half to two-*thirds of the 
water's depth in the main water flow (if a moving 
body of water)<. Do not collect water near the 
edge since the water will be stagnant and not 

. representative*, 

3. Raise bottles: • 

a* 'fix bottle no, 1 (see directions in the 

dissolved oxygen kit). Label; for D,0. 
b. Label bottle no, 2: for chemical analyses. 
Cc Discard wateir in boltle no* 3^ 

For simplicity I any type of clea n bottle may be lowered, but 

1. Collect one full bottle for the dissolved oxygen 
test (no air space to shake more, oxygen in it as 
it is collected) and fix. immediately^ 

2. Collect a bottle for the remainder of the tests. 

Note: After a heavy rainfall 9 the concentrations of many 
polluta^^ts will be much greater than before due to air 
pollutants being washed down and land run-off 0 Also, many 
sewage treatment plants don*t work as well during heavy 
rainfalls. Professional water quality monitors do not 
take water samples right after it has rained (for 2 or 3 
days). However, it may be very meaningful to find out 
how much pollution is actually caused by land run-off. 



110 



FILMED FROM BEST AVAILABLE COPY 



STENCIL 
SUFPLEMEXI if22 . 
Performing the Lab Analysis ol Loi al Water Quality 

SAMPLING SITE 

DATE 



NO. DAYS SrNCE^ LAST RAINF/VLL 

PROCEDURES 

1. TO BE PERFORMED AT THE SAMPL]:\i; ^)YE 

RESULTS: I, Measu-re surfacf: xeinperature and 

Temperature as far down as you 
can reach - 

Surface temp. NOTE: rplci the ihennome rer m the 

water unii i t be fluid stops moving ^ 

Deep temp, Remove the wat.or. hold a I eyv. level, 

read q u i c. k 1 >^ , 

^ . 2, Describe rhe appearance of the . 

wa t er ( 1 i i r er ed ; o i i y , clear, 
cloudy / etc^^ 



pH_ "5. Measure the pH as directed. 

^. *'Fix** a sample Isee test kit) 
to stop any moi e oxygen use "by 
organisms nd c h e m i c a i s Vh e 
amount uf dissolved oxygen ivil*i 
be measured in the tab. 

H. TO BE PERFORMED IN THE LAnOUATORV 

CD OR : 1 , Odor and Co r t 

Shake the sample hot tie- Pour 
^ ^ about 50 mi . info a small beaker- 

Descrsbfe any odor as besx you 
COLOR: can. Set she beaker on a sheet 

of white paper and then describe 
^ the color of xhe wateV xn the 

beaker . 
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METER VALUE: 



2. Turbid it vi 

a. Shake the sample, bottle * Four 
the sample intoJia test cell. 
Replace the cap. Clean outside 
of test cell thoroughly. 



b. 



Turbidity (from graph): c. 
PPa 



Fill a second clean test cell 
with distilled water. Replace 
cap. Clean outside. 

Insert the filter holder into 
the photometer (al'i the way) 
so that The BLUtS dot faces U£. 

Insert cell with distilled water 
into the photometer^ Fress 
button and turn knob to set 



meter to 
switch . 



Oo then release button 



* obtain from your 
teacher - 



METER VALUE: 



e# Remove cell and replace with 
cell containing the sample, 
Fress button and when water 
comes to resti> read meter value. 

f. Refer to ^graph to obtain tur- 
bidity in parts per million (tiflm). 

g. Rinse cells thoroughly with 
distilled water. 



3# Nitrites 

a. Mix sample bottle 
and letting stand 
Fill a clean test 
mark with sample . 



by inverting 
1 minute » 
cell to the 



Use no. 33 scoop. Add 1 level 
scoopful of reagent no. k7 ^ 
Rinse the scoops dry^ replace. 
Cap the eel] and shake to 
dissolve. Note the time and 
let stand 5 minuteg. Always 
replace cap promptly and tightly 
on the reagent bottle to prevent 
the powder from absorbing moisture 
in the airo Clean outside of 
the test eel 1 . ^ 
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GRAPH: 

Ppm 



Prepare a "blank" by adding 
distilled water to the mark of 
a second test cell . Clean 
outside of ceil • 



a. Insen the cell 



cont aining 



bl ank into rhe photometer 



h. 



METER VALUE; 



GRAPH: 



,ppm 



V 



Insert filter holder into the 
hi or with ONE GREEN DOT facing 
upwards 

Press the button and turn knob 
to set mtx-er to 0. Promptly 
release swi tub , 

itemove cell • Replace with cell 
containing treal ed sample (after 
5 minutes). Press button and 
when meter needle comes to rest > 
read merer value. 

Refer to ^graph to obtain results 
in parts per mill io|i nitrogen^ 

Rinse test cells. 



Nitrates 

a. Fill a test cell to the mark with 
mixed sample to be tested . 

b. Add 2 diops reagent no^ 54 (chlori ne J 
and 3 drops reagent no > 5 (sul- 
furic acid). Shake 30 seconds ^ 

Let stand 2 minut e s , 

c. Add 1^ drop i eagent no. k& 
(sodium arsenic). Mix for 
30 seconds . 

d. Using no^ 33 scoop add 1 level 
scuopful 1 eagent no ^ _ Rinse 
and dry scoop^ (Cap the ceil^ 
Shake vigorously for 30 seconds ^ ) 
Note the time and let stand 

3 mumtes . 



Prepare a 
disti 1 led 
cell . 



"blank" by 
watei to a 



adding 10 ml 
second t csi 
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f# Mix the treated sample once by 
tilting upside down and back. 
Let stand 1 more minute^ 



Insert the filter holder into the 
photometer so that ONE GREEN DOT 
faces upvard. 

h. Insert the cell containing the 
"blank** into the photometer. 
Press button and turn icnob to set 
meter to 0. Promptly release 
button. 



i. Remove cell and replace with 
cell containing treated sample « 

j. Press button and when meter 
needle comes to rest, read 
meter value^ Record* 

k. Refer to *^graph to obtain results 
in parts per million nitrate 
nitrogen* 



5» Dissolved Oxygen 



DISSOLVED OXYGEN 



Pill flu&k with sample that was 
"fixed** in -the field to stop 
further oxygen use* 



b. Using the microburette , fill 
burette to top line with sodium 
thiosuifate and slowly add sodium 
thiosulfaie to the sample until 
the brown color almost disappears* 
Mix the sample by swirling care- 
fully*after adding each drop^ 

You may have to fill the micro- 
burette again. Keep track of how 
much sodium thiosuifate is used* 
Don't empty the burette after you 
add all you .need* 

c. Add 8 drops of starch solution* 
The sample will turn blue* 



d. Again slowly add sodium thiosuifate 
until the blue color. just disappears* 
STOP adding the sodium thiosuifate. 
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e. NOTE the reading on the aicroburette « 

f« Write down how much, dissolved 
oxygen (D^0«) was in the sample 
according to the following: 

each large graduation s 0«2 ppm D«0« 
each small graduation s O.O'i ppm D,0, 

6« Phosphate 

FIRST PILTEH THE WATER TO BE TESTED: 

TO FILTER: 

a* Mix river water and pour out 

about 50 mL of the water ' ample* 

b. Fold a piece of filter paper 
in half« 

c« Fold the filter paper in half 
again « 

d« Open 1 side to form a funnel 
shape, 

e« Place paper in funnel set on 
tripod and wet paper thoroughly 
by pouring distilled water 
through* Be sure you have a 
beaker under the funnel to 
collect the water! 

f. Discard the water you collect. 

g« Now place a clean dry beaker 
under the funnel; and pour the 
water sample to be tested into 
the f unne^l • Collect the filtrate. 

h« LABEL the beaker of filtrate: 
•^Period ( 2. 3. or k ) Filtered 
Sample** 
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TO DETERMINE THE AMOUNT OF GRTHOPHOSPHATESi 

METER VALUE: , a. Pill a testcell to the mark 

(10 ml.) nth the FILTERED 
sample* 

PROM GRAPH: Also ftll another test cell with" 

distilled water c This is the 
ppm "blank. " 

c* Add 10 drops of reagent no^ ^1 
(sulfuric .acid) to : each and mix, 

d. Add 6 drcrps ^o:f ^reagent no, 39 
(ammonium molybdate) to each 
and mix. 

e. Add 1 drop of recent , no ^ ^0 

. (^stannous chloride. )^J;.o ea ch and 
m j;x • 

. . f* • Allow to stand 15 minutes for 

full .color development* 

g. Inser.t filter hajdei^ m yhoto- 
meterr so> that YELLOW DOT faces 
upward. 

h* Inser.t cell containing the "blank" 
into the; photometer* Press button 
and turn knob to set meter to 0* 
•Promptly release switch. 

i\ Remove cell and rej^lace with cell 
containing .treated sample. Press 
button and when meter needle comes 
to rest, read meter value* 

. J . j. Obtain results in parts per 

million orthophosphate from 
^ graph* 



ERIC 
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TO DETERMINE THE AMOUNT OF TOTAL PHOSPHATE: 



METER VALUE: 



a. 



Measure 10 ml. of FILTERED sample 
into a small beaker or Erlenmeyer 
Flask. 



FROM GRAPH: 



b\ Add 10 drops of reagent no. ^^1 
(sulfuric acid) and mix, Mark 
level of liquid with. wax pencil. 

c. Allow acidified sample to boil 
gently for 90 minutes adding dis- 
tilled water to keep the volume 
to 10 ml. 

d. Cool sample and transfer to test 
cell. Dilute with distilled 
water to 10 ml. mark. 



Also prepare a reagent blank 
by adding 10 ml. distilled water 
to a tes.t cell and add 10 dropB , 
reagent no. ki . 

Add to eac h, while mixing, 6 drops 
of reagent no . 39 and one drop 
of reagent no, ^0 . Let stand 
15 minutes for full color develop- 
ment • 

Continue as directed in procedure 
for orthophosphate, beginning 
with step g. 

To determine the amount of poly- 
phosphate , substra ct result obta i ned 
for orthophosphate from result ob- 
tained for total phosphate. 

?• Hardness 

Turbid samples should be filtered 
to remove scale^ sludge^ rust, etc. 
. before making tests. This is 

necessary because even small traces 
of suspended matter may affect test 
results. To filter the sample^ fit 
the filter paper to the funnel , 
moisten with the sample and press 
down tightly to the sides of the 
funnel. Fill with the sample vbut 
not quite to the top. Collect the 



f. 



POLYPHOSPHATE: 
PP« 
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water going through the filter in 
any clean bottle. Discard the first 
sample that goes through. Now pro- 
ceed with the following steps: 

a» Rinse the no. 8 plastic sample 

tube well with the clear filtered 
sample and then fill it to the 
mark. The meniscus (curved 
surface) should be level with 
the markc 

b. Add 5 drops of reagent no, 20 
and a dipper (in cap) of 
reagent no. 21 . Mix gently to 
dissolye the indicator, 

c# If hardness is preseni the sample 
will be red* If absent; the 
sample will be blue. 



If redy add reagent no . 19 a drop 
at a time 9 mixing well after each 
drop. Continue until the sample 
has no red color but is entirely 
blue. Keep track of all drops 
added and always hold the dropping 
bottle in a vertical position. 
Each drop is equal to 10 parts 
per million (ppm) of hardness as 
CaCo. (calcium carbonates). 
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Interpretation of Chemical Aiialyses 

!• Temperature: no definite temperature xs ••good" or 
"bad". Consider the foil owing ^ however: 

a* The warmer the water^ the less oxygen will be 
dissolved in it* 

b« The warmer the water^ the faster the growth of 
bacteria, which will deplete (use up) the oxygen 
supply faster. 

c* All organisms require a certain temperature range 
in order to live and reproducec This will vary 
some^at o 

2* pH: Most organisms will only live m a pH range 
between 5*0 and 8.5^ 

a* Natural sen water will have a pH value of 8^1 > 

b. The pH of freshwater will be lower than seji water; 
rainwater may have a pH value of 5 5 to 6,0. 

3* Odor: any offensive odor should be viewed with 
suspicionc 

a* An odor of rotten eggs indicates ihe presence of 
hydrogen sulfide which could have come from an 
industrial plant or anaerobic bacteria^* These 
bacteria may indicate a lot of organic waste in 
the water and a serious lack of oxygen » 

Color: the presence of color does not always indi- 
cate serious pollution.. 

a* Green may mean many algae (consider the possi - 
bility of eutrophica tion ) . 

b. Brown may mean tannic acid which naturally leaches 
(iissolves) out from the barks and leaves of i.rees. 
This is natural in some areas^ especially still 
bodies of water (like swamps and rivers near swamps 

C. Brownish red may '*incfaca le t\ie presence of iron 
that may running ouW ffom mines. Since leakage 
from mines wou^^d be/acid, this red color should 
be viewed with sus][Mciori> 

d. Any unnatural color may indicate effluent from 
a dye or textile factory being discharged inco 
the water. 

i 
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5* Turbidity: since this is caused by the presence of 
suspended particles like clay, silt; organic matter, 
plankton and other microscopic organisms^, consider 
the following: 

a* erosion - especially 'l^^fl after a rainfall 
b* excessive amounts of irastes being discharged 

by storm sewers, city sewage treatment plant, 

factories 

The Environmental Protection Agency recommends turbid 
ity should not exceed 50 "JTU" in warm water streams 
or 10 "JTU" in cold water streams o If you use a test 
kit that measures in JTU, you can evaluate your data 
according to this recommendationo If you do not, you 
can compare your measurements with those of a body 
of water you know to be "unpolluted 

6. Nitrogen: 

-a. Nitrogen- enters the water as nitrates or nitrites 

_ from fertilizers, sewage, storm drains, indus- 

trial and packing house wastes, drainage from 
livestock feeding areas, f^xm manures and le- 
gumes« Excessive amounts 6f nitrogen, in com- 
bination with phosphorous will lead to eutrb- 
Ijlliication* Also, large amounts of nitrates may 
be harmful if drunk by humans. 

b. Algal blooms stimulated by nitrogen will occur 
more rapidly in non-moving or slowly-moving 
bodies of water* 

c. Many states do not allow more than 2 micrograms 
of nitrogen per liter of water . If your tesz 
kit measures in parts per million (ppm), view 
with suspicion any result above 1 ppm ^ 

d* Keep in mind that there is no known concentration 
that is definitely known to be "safeV» Research 
is being performed at this time and rtoire definite 
information should be available in the future. 

?• Phosphorous: 

a. Phosphorous, in combination with nitrogen, serves 
as the stimulus .for algal blooms leading to 
eutrophicationo 

b. A small amount of phosphorous is normals More 
than O.I ppm may indicate wastewater from a 
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sewage treatment plants storm drains (consider 
detergents and pet wastes) 9 or drainage from 
agricultural areas (fertilizer and animal wastes). 

Refer to no« 6-d above^ The same applies to 
phosphorous « 

d« Orthophosphates are readily used by algae while 
polyp>)osphates are noto The polyphosphates must 
be broken down to a simple form before the algae 
can feed on themo Thus? the orthophosphates 
represent a more immediate danger^ Again, more 
research is needed in this area of study^ 

8. Oxygen: 

a. Most water organisms (except the "strict" anae- 
robic bacteriaj require oxygen that has dissolved 
in the water froai photosynthesis (produced by 
water plants like diatoms and algae and even 
some bacteria) and from the air, 

be Salt water holds less oxygen than fresh watero 

Ca Oxygen is used up by both livipg organisms (in 
respiration) and by chemicals that combine with 
the oxygen (like the rusting of iron) o 

d« Warm water holds less oxygen than cold water 
(think of how the gas bubbles in a soft drink 
rise to the surface and disappear )» 

Co Habitats for warm water fish populations should 
contain dissolved oxygen concentrations of no 
less than 4>0 milligrams per liter (mjg/l )^ 

fo Habitats for cold-water fish populations should 
be no less than 5>0 mg/l ^ 

g. Swiftly moving streams will get more oxygen from 
the air than slowly moving bodies of water. 

h. Th^re will be less oxygen the lower you collect 
the water sample • There is often no available 
oxygen near the bottoms of some lakes o 
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The Chemical Analysis of Water 

Student Worksheet and Key 

Directions; Answer the following que^stions as completely 
as possible. Use the scientific bibliography 
and any notes you may have takeu* 

Questions: ^ . 

1. Why are we performing chemical tests on the water sample? 

answer: to determine exactly what substances are present 
in the waiter 

2. How will we find out what our results mean? 

answer: by comparing our results with those given in 
♦"Rules, Regulations , Cla ssif icati ons , and 
Water Quality Standards ApplicalUe to the Sur- 
face Water of North Carolina";" ats^o by con- 
sulting local water quality officials 

3* What.. is the difference between ground water and surface 
water? 

answer: ground watef* is usually pure wa<;er* flowing 

beneath the surface of the earth; whereas sur- 
face water is that which accumulates oh the 
earth's surface and is relatively impure water 

h. What specific chemical tests are we performing^ 

answer: this .depends .on the clasa and teacher's decisions 

5* What are the five classifications of -surface water? 
Give the characteristics of each« 

answer: refer to'^^^'Rules^ RegulationSi Classifications 
and l^ater Qnallty Standards Applicable to the 
Surface Water of North Caroli^'!^ adopttsd by 
the Board of Water and Air Resources Comiissiont 
Raleigh I North Carolina 

6. Vbat is the classification of the following: (a) Jack's 
Creek, (b) Tranter's Creek, (c) the Pamlico off Stewart 
Parkway? 

ADMrert this' quest i oil trill need to be revised so that 
it is applicable to your local situation 

*0T similar regulati^ins for« your state 

*may become contaminated as it flows under sources. of contam- 
ination such as sanitary landfills or septic tanks 
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A MANUAL FOR THE ANALYSIS OF 
COLIFORM BACTERIA IN 
FRESH WATER 



Compiled and Distributed by 
Environmental Science Study Curriculum 
P. S. Jones Junior High School 
Washington, North Carolina 27889 



Modified From: Standard Methods of the Examination of Water 

and Sewage American PublicHeal th AssociatiOHj 
1928 



123 



FILMED FROM BEST AVAILABLE COPY 



IxNTRODUCTlQN 



This exercise, the analysis of water to determine the 
presence of fecal coliform bacjeria, is structured to accom- 
modate students in grades eight and up* This study not only 
offers results in terms of analysis, but also gives students 
experience with a totally "hands on" procedure^ Laboratory 
skills from accuracy, measuring, pipetting to the more ad- 
vanced skills of sterilization techniques and inoculation 
are emphasized in this exercise. 



THEORY 

Water that contains large numbers of bacteria may be 
perfectly safe to drink, but it depends on what kind of bac- 
teria are presents (Remember, bacteria are tiny plants made 
up of a single cell and only visible by magnifying at least 
500 to 1000 times.) Bacteria in water play a very important 
role: they fe6d on organic waste, breaking them down into 
simple chemical nutrients to be utilized again. Bacteria 
are* mainly decomposers. 

Some bacteria cause diseases. These bacteria are called 
pathogens. Examples of pathogenic (pa - tho - ge-- hie) bac-. 
teria present in the l^uman intestinal tract are those that 
cause typhoid fever, cholera, and bacillary dysentery. Ob- 
viously, if a person has any of these pathogens in his intes- 
tinal tract, his feces will contain large numbers of these 
bacteria. You can now understand why it is so important to 
treat sewage before releasing it into our waterways. Anyone 
coming in contact with water containing untreated sewage or 
poorly treated sewage is in danger of being infected by these 
bacteria^ 

Of course, not all sewage contains these pathogens. 
These bacteria are hard to detect because they do not grow 
well outside the human body. Therefore^ it would be impos- 
sible to Lest all sewage to see which samples are contaminated. 
However, scientists have a clever method of determining 
whether or not a water supply may contain some of these patho- 
gens. They simply test the water for the presence of non- 
pathogenic bacteria which are normally present in the human 
intestines, and thus in human feces. The bacteria the 
scientists test for grow readily in the laboratory and are 
easy to find. These bacteria are called "coliforta bacteria". 
Thusj if noa-pathogenic intestinal bacteria (fecal coliform) 
are present, there may also be pathogenic bacteria present. 
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The Standard Bacteriological Analysis of Water you are 
performing, tests for the presence of fecal coliform bacteria 
in ^a simple manner. The coliform bacteria, unlike other in- 
testinal bacteria, feed on lactose sugar (the sugar in milk) 
and release carbon dioxide gas as a waste « You will be able 
to see this gas trapped in a tiny tube iftftUolfft upside down in 
the culture tube if the bacteria Are present* A second test 
(just to be sure) involves growing the coliform bacteria on 
a special medium (called EMB) on which the ^bacteria becomes 
colored a metallic green^. A third test (just to be posi- 
tive) involves observing these bacteria with a microscope 
• after staining them with a special dye which colors the 
coliform pink and certain other bacteria, commonly present 
in water, purple. 

'^^ The analysis you are doing is the accepted standard, 
method (published by the American Public Health Association, 
Inc.) for the State of North Carolina by. the Board of Water 
and Air Resources, Department of Water aid Air Resources, 
It has not been simplified for you in any way! 

*The particular fecal coliform being tested for is ESCHERICHIA 
COLI (ES - CHER - .1 - CHI - A KO - LI ) 

Common coliform bacteria found in the soil, AEROBACTER - 
AERPGENES . will become colored pink on EMB. 
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Inoculating Loops and Incubator 

Inoculating Loops 

The inoculating loops can be made very easily, 
a three-inch piece of wire (such as platinum) that 
cools rapidly, about one-half inch into a six-inch 
small glass tubing. Melt the end of the glass tubl^ 



it closes and firmly holds the wire. Fire polish 



end to avoid injuries. On 
loop about two to four mm. 
the point of a pencil). 



the end of the wire make 
in diuraeter (shape the w 



Insert 
leats and 
liece of 
g until 
other 
a small 
ire around 



t le 



plafinum ujir^ 




ss 



Incubator 

The incubator can be made of readily available ^^^d* in- 
expensive materials. 




box 



75 mtx bulb for heat source 
(size really depends on box 
size and room temperature) 
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Sterilization of Glassware and Liquids 
Sterilization of Empty Glassware 

1. Wash the empty glassware with a non-phosphate^ 
biodegradable soap, and rinse well; dry or let 
drain until dry* 

2. Stopper the clean glassware with a coxton plug or 
cover the neck with aluminum foil (if a cotton 
plug is used, cover it with aluminum foil or brown 
paper and tie with a string); if the glass bottle 
is to be shaken, loosely set a rubber stopper in 
the neck. 

3. Label the glassware with masking or autoclave tapco 
k. Autoclave at 15 psi, 121*^C for 15-20 minutes. 

5* Store the sterilized glassware where the items will 
not be disturbed until used. 

Sterilization of Liquids 

1. Prepare the liquid in a heat resistant container 
(pyrex or kimax). 

2. Stopper as explained in #2 above <> 

3* Label with masking or autoclave tape <> 

k. Autoclave at 15 psi, 121**C for 15-20 minutes. 

5. If the liquid is an agar m<?dium to be poured into 
petri plates, swirl the flask to mix the contents 
(don't produce bubbles), allow to cool until the 
flask can be hand*^ ed comfortably. 

6. Store in the refrigerator until used^ 

^Do not open the escape valye. Allow the pressure to drop 
slowly to prevent the liquid from boiling over. 
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STANDARD BACTERIOLOGICAL ANALYSIS OP FRESH WATER 

(MODIFIED VERSION) 

EQUIPMENT AND MATERIALS TOR INITIAL AND CONFIRMATION TESTS 

The purchasing of all the initial materials for the bacteri- 
ological tests may be above your available funds. If you 
are near a university or community college, you may be able 
to borrow much of the equipment. If these sources are not 
available, try your local water treatment plant or hospital. 

A. The following materials are needed for each water 
sample tested: 



1. 2 (500 ml.) flasks 

2. 1 (10 ml. ) piijette 

3. 2 (1 ml. ) pipette 

4. 12 small test tubes 
* (6mm# X 50 mm. ) 

5. 12 medium or large test 
tubes 

6. 15 sterile petri plates 
with covers 

1. 2 (250 ml.) bottles 
(wide mouth) with 
rubber stoppers (no boles) 

8. 1 (100 ml.) graduated 
cylinder 

9. 1 stirring rod 

10. 2 (250 ml.) beakers (or. 
small cans) for holding 
test tubes 

11. 2 test tube racks 



"^A small tube is inverted 
in a large tube. The 
size used is not important, 
but the amount of broth 
added must be sufficient 
to fill the inverted 
tube (the broth will 
fill the inverted tube 
during autoclaving) and 
still be contained out- 
side th9 inverted tube. 



B» The following equipment is also necessary: 

1. balaiice (accura46 to 0.1 g.) 

2. ring clamp (optional) 

3* funnel, tubing and pinch clamp (optional) 

tray or cylinder to hold pipette (optional) 

5« hot plate 

6. bunsen burner (gas supply) 

?• non-absorbent cotton 

8. brown paper ) 

9. string and scissors ) 

10. autoclave tape (convenient, not not essential) 

11. inoculating loops^ ^Refer to page 126 

12. bottle of lactose 

13. bottle of Nutrient Broth (BEL) 
\k. distilled water 

15# disinfectant 

16. Eosine Methylene Blue Agar Medium (BBL) 

17. large pressure cooker (or autoclave) ^ 

18. incubator*^ *^Refer to page 12? 
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PREPARATIOK 

These preparations should be completed one to two days 
prior to the talcing of the water sample* It is best to (Alow 
the class to do these preparations as auch uselul eXperxenco 
and Many skills may be gained* Depending on the length of 
a class period, it will not take longer than two periods to 
fliake all necessary preparations* This time allotment is 
based on the students having read the information and prac- 
ticed the techniques prior to the actual per f :>rni.inc<-: ' Conse- 
quently, you must include that preparation time plu.s vhe \\<o 
periods necessary , for the actual preparation of tne mHtf^ricris* 

• 

A* Preparation of Water Sampling Bottle 

1* thoroughly clean and rinse ono {250 mi«j Uutt'K: 
(wide, mouth 

2. stopper loosely with a rubber stopper (no hole) 
3* cover the stopper with aluminum foil 
4« * label and sterilise (refer to page 127 - 
Sterilization of .Glassware) 

B* Preparation of Media and Dilution Blanks 

1* Double Strength Lactoffe* Broth (DSLB) 

a* in a 500 ml* flask pour 150 ml* of water 
b* weigh out 3*0 grams of lactose and add it to ttio. 
water 

c* weigh out 2*4 grams of nutrient broth and add 
it to the water 

d* swirl (do not sbak^^ and warm gently unci) the 
mixture is Just dissolved 

e* set 3 large test tubes in a rack 

f* into each one carefully slide a small test tube 
(6 mm* X 50 mm*) upside down (the tube will 
float when the media is added but after auto- 
claving it will sink and be filled with ntedia) 

g* label each tube with masking or autoclave tape 
marked DSLB in pencil 

h* using a pipette release exactly 10«0 ml« of 
the broth into each tube (do not discard the 
remainder of the broth as it is to be used in 
step 2) 

i* plug each tube with a rolled cotton plug 

j* set the tubes in a beaker or cani cover with 

aluminum foil or with brown paper and tie with 

string 

k* autoclave at 15 psi and 121* C (250^F) for 15 
minutes (refer to page 127 - Sterilization 
of Liquids) 
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Single Strength Lactose Broth (SSLB) 

a. to 100 mlo of DSLB remaining In the flask add 
100 ml . water 

b. swirl to mix (do not shake) 

c. set 9 large test tubes in a rack 

d* into each one carefully slide a small test tube 
(6 ram^ X 50 mm.) upside down (the tube will 
float when the media is added but after auto- 
claving it \>rill sink be filled with media) 

e. label each tube with disking or autoclave tape 
marked SSLB in pencil 

f. using either a lOmfl- pipette or the apparatus 
diagrammed, fill each of the 9 test tubes with 
10.0 ml, of SSLB 

g» plug each tube with cotton 

h. set the tubes in a beaker or can, cover with 
brown paper and tie with string 

i. autoclave at 15 psi and 121^0 (250^F) for 15 
minutes (refer to .page^ 12? Tl-Sterilization 
of Liquids) 

Eosine Methylene Blue Agar (EMB) 

a. into a 500 ml. flask pour 250 ml. of water 

b. add 8.0 grams of eosine methylene blue agar 
(pour the EMB carefully into the water) 

c. swirl, don't bother to dissolve 

d. plug the flask with cotton 

e. cover with bro^m paper and tie with string 

f. label with masking or autoclave tape marked 
EM3 in pencil 

g. autoclave at 15 psi and 121^F (250^P) for 15 
minutes (refer to page 12? - -Sterilization 
of Liquids) 

h. after autoclaving, swirl well but jgently (do 
not shake or make bubbles ) 

i. cool down EMB to about 50®C in a water bath or 
until just cool enough to hold 

j. pour into sterilized petri plates as follows 
(to insure sterile conditi ons and no contami- 
nation from bacteria in the air this procedure 
must be used) : 

i. -clean the work area with disinfectant 
(lysol or alcohol ) 
ii. open the package of sterile petri plates, 
but m NOT OPEN any plates 
iii. light the bunsen burner 
iv. remove the paper and cotton plug from 
the* flask beings careful ' rt to touch 
the lip of the flask 
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VI, 

vii . 
viii I 



IXi 



briefly expose the lips of the flask to 
the flame and open a plate just enough 
to pour EMB into the plate; the EMB 
should cover the bottom surface of the 
plate 

quickly rpplace the lid 

fill the rest of the plates in this 

manner 

when the EMB has solidified turn the 
plates upside down and allow to stay 
over night (to dry the surface) 
for storage place in the refriger^Uor 
upside down 



k. Preparation of 99 ml. Dilution Blank 

a. carefully measure 99 ml. of water and pour into 
a bottle 

b. set a rubber stopper lightly over the opeiiJiig 
of the bottle 

c. label the bottle "99 ml. water" with masking 
or autoclave tape 

d. autoclave (refer to page 127 - Sterilization 
of Liquids) 

e. keep the stopper loose until the bottle cools, 
then secure it 



5. 



Preparation of Sterilized Pipettes 
a. insert a loose cotton plug in the mouth of the 
pipette 

b« wrap the pipette by rolling ix in brown paper 
or aluminum foil as shown: 






1" 

rolled j ofkf\ 



c. label with autoclave tape 

d. autoclave at 15 psi and 121 (250°F) for 15 
minutes 
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DIRECTIONS FOR COLLECTING WATER SAMPLES 
AND PERFORMING THE ANALYSIS , 

There are several things to remember in collecting water 
samples* Remember where you collect the samples 9 the time 
of year, and the temperature of the water^ These are factors 
that can influence the amount of coliform bacteria present* 
A good place to take a sample is Just downstream from the 
effluent pipe of the local water treatment plant* For com*- 
parative studies also take a sample upstream from the 
effluent pipe* (if you^take two samples you need to make 
twice as much media and you will need twice the equipment*) 

A* Procedure for Taking the Water Sample 

1* Using the empty 230 ml* bottle (wide mouth) that 
has been sterilizedf submerge it twelve to eighteen 
inches below the water; DO NOT REMOVE THE STOPPER. 
UNTIL IT IS COMFUiTELY SUBMERGED* 

2* Remove the stopper being careful that your band is 
behind the flow of water so no bacteria from your 
band will enter the bottle (if you collect tbe sam« 
pie from a boat wit^ a motor , be sure you do not 
take the sample where gas or oil could get into the 
sample bottle * :. 

3* While submerged stopper the bottle again^ 

k. Keep the bottle stoppered until you are ready to use. 

B* The Initial Test 

This test will tell you whether or not tbe water* sample 
you took has coliform bacteria in it* Remember though, 
the bacteria may or may not be fecal caliform bacteria* > 
A positive result could indicate those colif orms. found 
in soil* 

The initial test i-.xies on the production of gas (carbon 
dioxide) by the bacteria* If there are any coliform 
bacteria present 9 then gas will be produced and it will 
be^^in to fill the inverted 6 mm* x 50 mm* tube (th« 
tibbe may rise) * 

' 1* Equipment Needed for the Initial Test 
a* water sample 

b* 3 large test tubes with 10 ml* DSLB per tube 

witb inverted 6 x 30 mm* tubes 
c* 9 large test tubes with 10 ml* SSLB per tube 

witb inverted 6 x 30 mm* tubes 
d* 1 (10 ml*) pipette (sterile) 
e» 2 (iidl*) pipettes (sterile) 
f f* 1 bottle containing 99 ml* sierj^^y water 
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g. bunsen burner 

tray for dirty pipettes 
i • incubator 
j. labelling tape 
k. pen 

1# disinfectant and sponge (paper towel) 
Procedure for the Initial Test 

Always clean the table surface with disinfectant 
before and after use. 

a. DAY I - collect the water sample in a sterile 
bottle (refer to procedure for collecting sample 
page 152. 

b. f n the lab: in a test tube rack arrange 3 test 
tubes of double strength lactose broth and 9 
test tubes of single strength lactose broth . 

0. Procedure 

!• Lpbel 3 DSLB test tubes 10 ml.<A 10 ml.-b, 
10 ml.-c (label on tape with pen)o 

2. Epbel 3 SSLB test tubes 1 ml. -a. 1 ml.-b, 
.1 ml.-c (label oh tape with pen). 

3. Label 3 SSLB test tubes 0.1 ml,-a^ 0.1 ml,-b 
p.l ml .-c (label on tape with pen), 

Lpbel 3 SSLB ' test tubes 0.01 ml. -a, 
0.01 ml.-b, O.m ml,-c. 
5» Label the test tube rack: period 

6. Mix the sample bottle by ^shaking twenty- 
^ive times. ^ 

7. Remove the cotton plug from a DSLB tast tube 

remove the cotton plug hold the ifest 
tube in the left hand (if right handed) and 
with the "heel" of the right hand grasp the 
cotton, twist it, remove itj do not lay the 
cotton down^ but keep it held in the heel 
of the right hand/; flame the lip of the 
tube; with a 10 ml. pipette transfer 10 ml, 
of sample water to the DSLB tube; flame the 
lip of the tube and replace the cotton plug; 
fill. the remaining two tubes the same way; 
place the dirty pipette in a tray^ * 
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8, Followjng •:he same procedure but wi :h a 
1 rai > pipex'ce transfer 1^0 ml ;» of the 
sample water xo each of the 3 SSLB test 
xubej labelled 1,0 ml. DO NOT LAY THE 
PIPETTE DOWN. 

9« Foil ov/i ng ^:he sampe procedure wi :h the 
same pipett 9 transfer O/L ml » of the 
sample water xo each of the 3 SSLB test 
Tuhes labelled 0,1 ml, DO NOT LAY THE 
PIPETTE DOWN. 

10. With the same 1 ralo pipette transfer 1 ml • 
of sample water oo the 99 -ml. dilution 
blank of sterile water; place the dirty 
pipette in a tray; shake the bottle 
twenty -five times. 

11. With a sterilized 1 mi^ pipette transfer 
1 ml. of water-from the bottle (99-ml. 
dilution blank) to each of the 3 SSLB 
test tubes labelled 0,01 ml* 

12. Wash and store the equipment; always 
clean the table surface with disinfectant. 

13* Incubate the test tubes at 35**C (98**P) 
for forty*eight hours^ 

14. After twnety-four hours and forty -eight 
hoursy examine and record the number of 
test tubes in each set (lO ml*, 1 ml . , 0.1 
OcOl ml.) that have at least 1/10 of the 

6 X 50 mm. inverted tube filled with gas. 

15. DAY III ' Analyze and record the results 
(refer to page 136-Analysis of Initial 
Test Data ) . 

The Confirmation Test 

This test will confirm whether or not the positive 
results in the initial test were due to fecal coliform 
ba cter ia ( e» coli ) . 

1. Equipment Needed for the Confirmation Tes" 

a. the test tubes in the Initial Test that showed 
positive results (the ones that had gas 
production) 

b. one petri plate of EMB for evercy two tubes 
showing gas production 

c. inoculating loop(s) 

d. buns en burner 

e. incubator 
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Procedure for the Conf iimation Tests 

Always clean the table surface with disinfectant" 

before and after use# • 

a» DAY III - for each test rube with gas, label 

half the bottom of a petri dish containing EMB ^ 
agar the same as the test tube a 
b. DAY III - "streak-out" on half of a petri plate 
of EMB, 1 loopful of broth from each Jest tube 
with gas; "streak out" on the proper ^R^te • prefer 
to label on the bottom of the .plate)o 

How to Streak Out 



Agitate the tube gentl y to mix; remove the cotton 
plug and sterilize the lip of the test tube; 
also sterilize the inoculating loop before it 
enters the test tube each time^ 

Dip the loop into the broth and remove a loop- 
ful of broth; transfer this to the proper plate* 

Streak the loopful of broth many times across 
the EMB plate in area 1^ 

Streak from area 1 across area 2 going back 
and forth, being careful not to cut the agar 
surface* . 

Streak from area 2 across area 3 many times* 

Streak from area 3 across area k but do not 
couch area 1 , 2, or 3o 

Sterilize the inoculating loop; streak from 
area k across area 5<> 

Incubate the petri plates upside down for twenty- 
four hours at 95'' to 105''Fo 

DAY IV - remove the plates from the incubator; 
open each plate one at a time and look for 
shiny metallic green colonies (these are* colonies 
of Escherichia coli or fecal coliform bacteria) o- 
DAY IV - analyze and record the results (refer 
to page • 138 - " Analysis of Confirmation OBtaji 



d. 



e. 
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Analysis of Initial Test ly^.' 



Int roduction 



The analysis of the data and com;3Uta-:io:a of the number 
of fecal coliform bacteria present in ':i ^ •;;*";er are baaed 
on the fact that if l/lO of the im 5V' ^ ub-j Is billed 
with gas, at least one coliform bac^«:*r:.um have been 

present in the volume of sample intr:>cuc=id 'utv "he tube. 
Obviously, there may have been vfiaxry tivre ( landreds^ 
thousands, etc.) present, ^>ut this iia*; assumed. 

Therefore, the exact number of bacteri.ci v^. .^sevit will not be 
known.* Thus, the calculation is e:<;:r.r . cay most 
probably number (MPN). 

The number of bacteria per minsii^rr the reciprocal 
of the smallest portion giving a poslci ^? rc^suls. For 
example, if the results were as fol^ov/s. 



10 ml. sample water 

1.0 ml', sample water 
0.1 ml. sample water 



pa^^:/■:i -7 5 (l/iO tubs 
.?:\;/.ed with gas) 



The MPN would be one bacterium per I. J ni > ojf sample water 
(l/l ral. MPN), since the smallest amouir sample containing 
coliform bacteria was 1.0 ml. Howevc. . rio MPN is always 
expressed per 100 ml. of sample water. On is . vhe actual 
calculated result should read lOO/lOO nr , MPN. For example: 



10 ml. sample water + 
1.0 ml. sample water + • 
0.1 ml. sample water + 
0.01 ml. sample water - 



LOOO/lGO :a:.. MPN 



Results such aa the following may appBrir b^ociuse of the size 
of the bacteria and the chance involved in pipatting tne 
water samples: " * . 

10 ml*; sample water + 
1.0 ml. sample water + 
0.1 ml. sample water ^ 
0.01 ml. sample water + 



It stands to reason that if there is oii^i baj;;^rium in 0.01 ml 
of the sample water then certainly -re. <^ v:hou:.tl be at least 
^terium in 0.1 ml. of sampip wat^r (-lowever, this is 



one bacter: 



^The 10-fold dilutions prepared narrow the-, range. 
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not always so). This result should be computed as the re- 
ciprocal of the portion next larger than the smallest one 
giving a positive test (this being a more ' probably result.). 
Thus J the MPN above would be 1000/100 ml. MFN.- 

Calculation 

1. After twenty-four hours remove the test tube rack 
from the incubator, examine and record the number 
of test tubes in each set that have at, least l/lO 
of the 6 X 50 mm. inverted tube filled wi'tljj gaSv 

2. Put a + in the box for each tube if there is at 
least l/lO of the upside down (inverted) tube 
filled with gas; place the data in a chart similar 
to the following: 

Test Tube (+1 means gas production) . .\ 

per Idb ml . 

10 ml. a /T7 1 mi. a 0.1 ml. a O.Oi ml. a /TJ 1,000 

10 ml. b 7+7 1 ml. b ^7 0.1 ml. b /V 0.01 inl . b 1^0 
10 ml. A/ 1 ml. c /+/ 0.1 ml. c J±l 0.01 ml. c A7 10,000 

Total 11,100 

Average of 3 test tubes 3,700 

For this sample of water (initial Test) the MPN is 39 700 bacteria/ 
100 ml. of the sample Wat er; remember 9 these may not be fecal coli- 
form and therefore may not indicate the presence of pl^thogenic 
^ecal colif orm. 

3. t>o not discard the data that has been recorded as 
It will be needed in analyzing the results from 
the Confirmation Test* 
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North Carolina Water Quality Standards 
Fpr Surface Water - Coliform Content 

CLASSIFICATION OF SURFACE WATERS 

Claas A-I Waters 

usage: source of water supply for drinking, culinary, 

or food process! ng pur p oses 
coliform content: organisms of the coliform group not 

to exceed 50/100 mK MPN as a monthly 

average 
fecal col if or m; none 

Class A-n Water s 

usage: source of water supply for drinkingj culinary, 
or food processing purpost-s with proper treat- 
ment 

coliform contents not to exceed 5.000/100 ml « MPN 'as 

a monthly average i not to exceed 
20.000/i00 m. MPN in more than 5% 
of such sarapi 

fecal coliform: not to exceed a log mean of lOO/lOO ml. 

MPN based on at least 5 samples dur- 
ing a 30 day p»>riod nor exceed 
20jO00/l00 ml, MPN in more than 20% 
of the samples in that period (not 
applicabl e duri ng or immediately 
following rainfall ) 

Class B Waters 

usage: bathing, water sports^ fishing^ etc.; not to 
be used for drinking watei supply or for food 
processi ng pur pos es 

fecal coliform: not to exceed log mean of 200/l00 ml. 

MPN based on 5 samples in a 30 day 
period J nor to exceed 'iOO/lOO ml. 
MPN in more than 2Q% of the samples 
in that period ( rio: applicable during 
or immediately following rainfall); 
appl J (; able oril\ duri ng the months of 
May through Sepi f?mber; during other 
mouths Class C v/ater standards shall 
appl y 
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Class C Waters 

usage: fishing, boating, working, but not for bathing 
fecal coliform: not to exceed l,000/lOO ml* MPN based 

on at least 5 samples in a 30 day 
period^ nor exceed 2,000/lOO ml, MPN 
in more than 20% of the samples during 
that period (not applicable during or 
immediately following rainfall) 

Class D Waters 

usage: agricultural , industrial , navigation, not for 
fishing, bathing, etc. 

fecal coliform: not to exceed a log mean of lOO/lOO mi* 

MPN based on at least 5 samples in a 
30 day period, nor 200/100 ml. MPN in 
more than 20^ of the samples during 
that period 

FROM : Rules^ Rejgula ti ons > Classifications and Water Quality 
Standards Applicable to the Surface Water of North 
Carolina , adopted by the Board of Water and Air 
Resources , Rale igh , North Carolina , 1970. 
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SUPPLEMENT #2 5 . 

The Bacteriological Analysis of Water 

Student Worksheet and Key 

Directions; Answer the following questions as completely 
as possibl e . Use the sci enti f Ic bi bl i ography 
and any notes you may have taken* 

Questions : 

K Why are we perforraii?c bacterial tests on the water 
samples? 

answer: to determine if human sewage is present in our 
water and consequently disease-causing bacteria 

2o What are bacteria? 

answer: tiny plants made up of a single cell and 
visible only under a microscope 

3^ Why does water contain bacteria? 

answer: bacteria are very important because they feed 
on organic wastes breaking them down into 
simple chemical nutrients which can be used 
again 

k.' What are pathogenic bacteria? 

wiswer : bacter i a that cause di seases 

5-' What problems may arise from pathogenic bacteri'* being 
present in our drinking wai er supplies? 

answer: anyone drinking water with these bacteria 

present may become infected and such diseases 
as typhoid fever, cholerac and dysentery may 
result 

Why canH scientists test water samples for pathogenic 
bacteria? 

answer : these bacteria are hard 1 o detect because they 

do not grow well outside the human body; besides^ 
it would be impossible to test all sewage for 
bacteria 
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Supplement #25 (Cont#) 

1. What do scientists test water samples for in terras of 
T bacteria? 

answer: the water is tested for the presence of non- 
pathogenic bacteria which are normally present 
in the human intestines ("coliform bacteria") 

8* What special substance does coliform bacteria feed on? 

answer: lactose 

9# What two tests must be performed to find out if "coli- 
form bacteria** are present in a water sample? 

answer: The Initial Test (to check for gas production); 
The Confirmation Test (to determine if the 
bacteria are fecal coliform) 

10. Wl?at does it mean if coliform bacteria are present? 

answer: if coliform bacteria non-pathogenic) are 

present I there may also be pathogenic bacteria 
present 
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INTRODUCTION TO UNIT IV 



As previously indicjtedi your empb^iSiB for this course 
nay be on unit III or IVc unless you extend the course be- 
yor.d the 12-^Keek schedule^ We have taught the courat^ (in 
12 weeks) eropbasxzing either unit III or IV and achifved 
positive student results either vay^ If unit IV is i be 
emphasized it is important to understsid: 

I. The decision to tackle a local probiepi will prob« 
ably result in an overwhelming degree of student involvement 
and (of ten naive) excitement* The students will probably 
decide on many activities they want ro do (like conducting 
surveys^ raising money, preparing and distributing leaflets) 
and your schedule will need to be very flexible* Therefore , 
consider the ideas offered in this unit as a guide, using 
only what you think is applicable to your situation, and 
in any sequence that seems appropriate > 

2* If you are a science teacher, you probably do not 
know very much about local politics, economics, and sociology* 
But every town contains many individuals who would be willing 
to come to your class to answer questions and offer ideas* 
Some examples are: mayor, city manager, member of the city 
counc^, county commissioner, planning board member, member 
of the chamber of commerce, city director of public works, 
city planner, members of civic organizations, water plant 
operator, personnel from local industries, attorneys, and 
partricularly those individuals employed by state and federal 
governments* 

3* Admit from the start that the problem may not bs 
solved by the end of the course* The single most important 
reason for trying to solve the problem is to teach them the 
skillS o Once they have learned the techniques for solving 
environmental problems ^ they will have the rest of their 
lives to be an environmental activists Comments like this 
will help reduce the frustration that develops when their 
plans become blocked by the usual obstacles: money and people* 

Do not divide the class into committees, each 
taokling a different aspect of the problem unless you ^ re 
sure the students can make decisions without a lot of super* 
vision» You can't possibly divide your time among several 
committees effectively* Brain-storming groups may work and 
then meet as a whole class to present ideas Groups can 
also be used to work on predetermined projects (making a 
booth, writing a leafl^Bt, drawing a poster A good rule is 
to use groups only when you feel the groups can function 
effectively with a minimum oi' your personal attention. 



FILMED FROM BEST AVAILABLE COPY 



5* Try to get out of the classroom and to the physical 
location of the problem(s) as much as possible. Class time 
can be spent att the city administrative offices^ ajt the water 
plants at the source of the problem, at the shopping center 
where the target population can be addressed in person* A 
suggestion is to obtain your chauffeur's license and arrange 
for a school bus to be parked at your school for rapid transit 
during a single class period. This may seem extreme, but we 
have done this (admittedly with some initial misgivings!) 
sucoessfu 11 y. 

60 If you are teaching several classes, it may be 
Tas^ier_fo^^ you to let them all work on the sarae problem. And 
don*t oveirwork yourself. Let the students type their own 
stencils, provide much of their own materials (e.g. paints, 
pBint brushes), and even contact many of the resource people 
(but be certain the students are coached on what to say). 

7 Don't feel pushed fco do everything. Try to main- 
tain a "relaxed exciteioent " , in the classroom. You may not 
(probably won't) solve the problem: remind the students 
that they're being trained as activists. Encourage them 
when they become disillusioned but don't become a starry- 
eyed Pollyanna! Don't deceive them into thinking there is 
an '•enemy" who is all bad and they all good. Try to instill 
a realistic attitude without being a' defeatist. Help them 
to understand both sides. 

8. When you anticipate the end of the course drawing 
near, leave time for reflection and evalaation. Review what 
you've accoMplisbed and discuss your effectiveness, possible 
ioprovenent s in tactics (for the next time!) and what each 
individual has learned. 

9* Ve have discovered a closeness ; an eapatby, with 
not only our students, but with the nature of the environmental 
situation by using the approach described above. The 
suggestions are the result of Buch trial and more error and 
we recommend them with conX'dence! 



Good iuckl 
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UNIT IV SCHEDULE 

TO THE TEACHER 

This unit is least specific as to format because it is 
a very flexible unit and The emphasis placed on it is pre- 
determined by Unit Illo Consequently^ this unit is given 
in three parts with suggested activities for each parte 
No exact schedule is given but a minumum of 10 periods 
to a maximum of 30 periods could be spent on the unit , 

Part A Local Sfcudy - Sociological 6 « 10 periods 

Part B Local Study - Economical 5 - 8 periods 

Part C Local Study - Pplitieal 7-12 periods 

Depending upon the class and the kind of project 
adopted^ Parta A9. B9 and C may not be covered as separate 
units, but interwoven as the project plans and activities 
develop naturally • 

Perhaps the Most vital responsibility the teacher has . 

is* to remain optislstic and positive about the effective-* 

ness of environmental action^ without being unrealistico 
I 

Students must learn that environmental actions succeeds 
slowly and only after a lot of committed participation on 
their part^ but tbat it can succeedo The students will 
often be frustrated by economic problems, and narrow-minded 
officials and your most important function will be to 
temper patience (theirs) and practicality with hope-dnd 
enthusiasmo t 
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UNIT IV PLAN 
UNIT TV TITLE: A LOCAI^ STUDY OF WATER QUALITY 
TIME: 10 to 30 periods 
PURPOSE OR OBJECTIVE 

For students to initiate the formation of a plan for 
solving a local water quality problem. 

For students to learn that solving environmental 
problems involves an understanding of and riitional study 
and resolution of not only the scientific facts, but also 
the economic, political, and sociological factors that 
impinge on the problem* 

For students to learn that solving environmental 
problems requires intensive and careful planning ana 
wholehearted commitment* 

— 

ABSTRACT 

Based upon the advice of authorities and the results 
of the students* water studies and iriformation gained from 
local authorities a plan for solving a local water problem 
is initiated to attempt to solve a target problem* 
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SUPPLEMEMS 

Pa; t A 

26 » Do Something 

dl.. Let Your Fingers Do the W^iiking 

28o A SanipJe Survey Qut-st j onnciii e 

29 o The Library 

50c Role Playing 

51 ^ Bibliography . So« i o t oji m I 
p.jy c B 

52a Tne Economics of Water Quaiiiy Control 

55^ Bibliography • Economic 
Part C 

5^0 Bibliography - Political 

35^ Student Worksheet • Political 

360 The Power Structure 

57o The Politics of Environmental Quality Control 
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UNIT IV: A LOCAI. STUDY OF WATER QUALITY 

Part A Plans 
Local Study - Sociological 
TIME: 6-10 periods 
ABSTRACT 

Based upon student-devised polls, the local populace 
is evaluated in terms of interest groups and awareness of 
local water pollution problems as well as willingness to 
help solve these problems. The students^ project proposal 
is refined to appeal to (or at least not alienate) as many 
interest groups as possible, especially the most powerful 
groups. 
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UNIT IV: A LOCAL STUDY OF WATER QUALITY 
Activity Plans (Part A) 
A Survey of the Local Populace 
TIME: 6 10 periods 
SUGGESTED ACTIVITIES 
Activity #1 - Preparing A Survey 

A# Students should he made aware of the need for appealing 
to the local populace for suppor r of their proposals 
The concept of interest groups and cxiy leaders should 
be discussed and students led to realize that their pro 
posal will he most likely accepted if it appeals to the 
greatest numh'er of (or the most powerful), inxerest 
^groups* However^ pr inci pie ^and reality need not be 
sacrificed just to make the proposal attractive to an 
influential interest group or make the proposal non- 
controversial • 

Ba Having been made aware of the need for appealing to 
local groups for support of their proposal students 
should first attempt to locate any reference people 
they might ne^d. The students can accomplish this by 
being taught 'iiow to use a phone book to find the 
necessary reference people (refer to supplement #27, 
Let Your Fingers Do the Walking), Request the students 
to bring in a phone book as this will make it easier 
to complete the exercise > Also you may be able to 
borrow some phone books from your local phone company > 
During class discuss simple mechanics^ Assign what 
is not completed as homework, 

C» To channel students into the next phase (the planning 
and implementing of the project) perhaps a professional 
planner or city manager could be consulted to hear 
the proposed project and suggest the appropriate chrono 
logical steps in implementing the plans. It is pro- 
bably best to let the students c-ontact these resource 
people^ but make sure the students know how to ask 
and what to ask! 

D. When the students have decided on the appropriate steps 
they can begin to solve the target problem-. A suggest- 
ed resource person at this time might be an engineer 
who could listen to their plans^ add to, or modify 
these and offer technical advice. 
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£• Probably the next step for tiie studerrs would be ro sam- 
ple public opinion to find the interest groups /those 
affected by the project^ those which would benefit from 
the project, environmem;al acti on groups, and Inf 1 uen- 
tial (or powerful) interest group^/* The mechanism for 
determining what the interest groups are is through* the 
use of a poll • The students should formulate a ques- 
fionnaire that is easy to score and evaluate (stick to 
yes or no; agree or disagree)* Work:j.ng as a unit have 
the students list on the board what th.ey want to find 
out from the 1 ocal populace , Condense their que si ions 
to simple rerms« Distribute a copy The que s c i onnaii e 
to each student;. Assign each student o certain numbei 
of homes dnd businesses to visit in his neighborhood. 
On a local map keep a record of the areas polled so as 
to prevent repetition (refer to supplement #28, A 
Sample Survey Questionnaire ) • If the results from the 
questionnaire do not come in quickly, a visit to the 
library , (school and public could be useful). Refer xo 
supplement #29* 

Administering the Survey 

The students should be given from one to three nights to 
collect data from their nei ghborhoods • Coach them in 
asking the questions and introducing themselves. Re- 
view vith the students how to fill in their chart. En- 
courage them to collect their data as quickly as possi- 
ble. During this period, class time may be spent 
visiting the library as mentioned in E above. 

Evaluating the Survey 

On the board place the following charts: 



QUESTION iV0!\ 


MALE 


FEMALE 


-TOTALS 


1 








2 








3 








4 








5 








6 








7 
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AGE GROUP ' 
QUESTION NO. 


AGE GROUP 
1 2 


1 r 
3 i ^ 


1 

5 


1 

_ — _ — . — 
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Occupation 
question no 
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These charts can be given to the students. Instruct the 
students to record their data in The appropriate chart. 
It might be easier if one chart is done at a xime with the 
students working as a group (walk around and help xhe stu- 
dents). Collect the data at the end of 1 he period. The 
following day prior to clr.ss, Total the students' data dnd 
place on the charts on the board. In class go over the 
data one question at a time. At this time, also hijve the 
students list on the board all the interest groups they 
have in their survey (housewives^ merchants, industrialists, 
etc.)* Add any interests they didn't poll but know exist. 

* refer to supplement #23 

*^NOTE: the charts above are suggested examples. Do not 
tabulate results by sex (or age, or occupation) unless 
you are interested in these. You may want to compare 
neighborhoods instead* 



151 



FILMED FROM BEST AVAILABLE COPY 



SUGGESTED ACTIVITIES (Cont.) 
Activity lf=2 - Interest Groups 

Students rolo-play to anticipate the reaction of the various 
interest groups to their proposal , Divide students into groups 
of four each (try to get variety within each group as to sex, 
interests, etc.). Interest groups (one or more) axe cjssigned 
to each group until all interest groups are covei'etl, Hdve one 
group (or student) voice the class proposal as it has been 
planned, including all details decided upon at this time. 
Give the groups several minutes to agree on a response 
(supportive, argumentative, negative, criticaJ). A spokes- 
man from each group can then present their response (keep 
a record on llie board summarizing their stand). Rotate from 
onetgiv^ip lo ttie next, until all interest groups respond^ Do 
this quickly! Don't get "bogged" down and waste time* The 
proposal - presenter group should debate interest groups to 
try to bring thera around to their vie'wpoint^ Deba i e is not 
synonymous with ar fiue ! (Refer to supplement #30 for addi- 
tional information about the ro le -p layi ng ) . 

Activity #5 - Evaluating and Organizing 

Having roie-played, the students should have some knowledge of 
which interest group (those present in their city) would be 
sympathetic or not sympathetic to their proposed project. 
During a cJass period have the students organize the Interest 
groups according to those sympathetic and non-sympathetic 
and give reasons for their grouping. Review the reasons 
given for grouping the various interest groups and modify 
or amend the project proposal to satisfy those groups the 
class agrot^s would be beneficial as supp^>rters. Table this 
information to be used later. 
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X4s ^oV 



Tlie 



STENCIL 

SUPPLEMENT # 2o^ ^[^^j dOJ^^ P/ 

of ENVIRONMENTAL QU.'U.JTV CONTROL 




DON'T <^l'ST(2oM^|ci.i /\/ ABOUT WATER POLLUTION. , 



Well, you wouldn't be in Ihis class if you weren'- v^oncernecK 
So what? Wjat's the good of being concerned? Any ri£ c-** 
complain, o .but not many people are willing lo 



WORK 



O.K, evetj, if you're still reading^ 1 know you're niorf than 
just a coraplainer* So let's get down to the f i ustx'a ring y 
difficult, expensive, and rewarding task of real environ- 
mental quality control! Let's become an ^'environment al 
activist" * 



LET 'S DO SOMETHING i 

This paper will deal with the first problem you'll confront: 
^people; and what you'll need to know to deal wi tn p'^.ople. 
psychology. 

We'll call this phase of our project: sociology (since 
we'll be dealing with people )o 

FIRST: You must decide what 'ills' you want X.) cuie. So 

write in below your ^ 
I • Individual project t 



2. Class project? 



SECOND: take the time to do the job righ^.. J[\' OTHER WORDS, 
PLAN' Write your plan (for your individual project 
only) J that is what are you doing (stepwise plan;* 



List reasons why you are doing this project-. 
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Supplement #26 (Cont* ) 

THIRD: Now read over your reasons and ask yourself this 



question: would my reasons really convince anyone 
W project is worthwhile? If your answer is 'no' 
think again about the reasons why you are doing the 
project and come up with some really convincing 
reasons. Now rewrite your reasons if you have to 
because. . .if you can't think of any good reasons - 
whv do it? 



- NOW FOR THE PSYCHOLOGY 



Environmentalists have a really rough job for a very good 
reason: People are s el fish , iazy, money -consc ious , and 
afraid to face unple^isa.ct responsibilities. 

You youTself have already faced your first responsibility 
(unpleasant for some) as an environmental activist. You 
studied the facts about water pollution. That was easy 
because you only had to wolk with 2 people: yourself and 
your ins true tor. 

And now your second responsibility is to select a problem 
and seek to eliminate it* To do this you should first find 
out how aware the community is of this problem and how far 
they'll go to help solve it. You can't talk to everyone, 
so you'll have to "sample" the population. That is question 
a large number- arid assume those you question are typical 
of most people in your community. 

Sociology 

AFTER you find out how much people know and how much they'll 
help, you^re ready to plan your strategy: 



If the folks 
don ' t know 




If they don't 
think the problem 
hurts them, 
mEY WON'T HELP. 



there is any 
problem, how 



what causes the 
problem, how can 
they help? 



can they help? 



STRATEGY 



PUBLICIZE THE 
PROBLEM - radio, 
news, posters, 
etc . 



EDUCATE THEM - radio 
door-to-door, news- 
paper, posters , etc. 



APPROACH the public 
like you do your 
parents when you 
want their consent ! 
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Supplement #20 (Com* ) 

Talk aboui youi project to people m tne most Lerxain way 
to win their support. Tell them how your project will I p 
or benefit IHEM* That's all most people leuiiy tare about. 
So if you really want their approval, you'll have to <on- 
vince them that you in turn, are helping THEM. 



BY FHE WAY 

When you interview townspeople, keep \u niind itiese poiTiCors! 

1 , Be polit e, 

2. Introduce yourself. 

3* Ask them if they have the time to answer your questions. 

Explain why you need their answer, 
5. Don't act superioro 

6» . Thank them for their time and answers. 




IF/PEOPLE/LIKE/YOU,/ THEY WILL WANT TO HELP YOU. 



People don*l like 
to be forced, or 
talked down to 
or made to appear 
dumb. 



After you complete your survey or opinion poll, you should 
study your lesults very carefully. For example do you 
need to change your plans for your project or your reasons 
for your project to make it more appealing? Have you 
found out who in the community will be helpful? if so^ 
make a list of these people and include them in youj plans. 





People do like to 
fee 1 imp or "cam . To 
feel ivhat they bnve 
to say is importrint 
and to see 1 h a t yo u ' re 
serious and SINCERE! 
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Supplement #26 (Cont. ) 



For example, your personal project may need help. 
So list below the people or kind of people ^vho 
can help you: 



Is your list short? Do you need some holp? If you 
do, thljik about how you can make your project seem important 
Lo more people. . .even if it means giving up a part of 
I lie project that many people are very much against, or 
cnaiigiug the project a little to make it more appealing. 
BUT DON'T GIVE UP MORE THAN YOU REALLY WANT TO--DON»T 
CHANGE MORE THAN YOU REALLY WANT TO JUST TO MAKE MORE 
PEOPLE HAPPY. IT'S YOVR PROJECT-EVEN IF IT MEANS MORE 
WORK OR MORE AGGRAVATION, DO IT THE WAY YOU WANT TO. 

When you know the people in town, how they feel, what 
they know, how they'll help, how they think THEN PUBLICIZE 
AS MUCH AS POSSIBLE. Hit the people constantly with how 
important your project is to THEM. And let them know how 
th ey can b^l p ! 

TO SUMMARIZE 

Find out who will be affected by your praject and whose 
help you need. 

Talk to those people (make a survey) to find out how much 
they know about the problem and if they would help. 

Try to win their support by nicely and politely publi- 
cizing your project. 

Be optimistic — don't just make people concerned — tell them 
V^hat they can do to help. 

Show the people how the project affects THEM personally. 
To win people over, compromise — give a little. 



smile a lot 




and 



let people know you're sincere. 
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Supplement }f2h (Coat . ) 

Make people believe you are concerned about then i imt Jusv 
the fish and the birds). 

Be informed. If you 'jct and talk in ignorame. people Kon*x 
trust or believe in you. The^eforet they won i want to 
help you. 

Finally, 

(IMI share a secret with you) 
Ssbh . • • 



Find the important people in the conmiuiaty that can help 
with the project AND WIN THEM OVER. Remember: these 
powerful, influential people are usually very well informed. 
Be sure you KNOW what you're talking about before yuu conlaot 
them. Don't make a fool of yourself! 



List here those people in the community who h^ive either 
official or social power and could give you culvice or 
other help for your individual project; 



AND DON'T FORGET TO GET THE HELP OF CIVIC GROUPS AND CLUBS. 
Make a lisc of civic groups and clubs m your town you 
could contact . For more inf omja tion, contact r^he Chamber 
of Commerce. 



If you follow these pointers you will be do: tig the very best 
service you could do for the *'Envir onmental Cause*'. You know, 
many people hate environmentalists because of the way many 
environmentalists act. So let's change that image . .XOW! 
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SUPPLEMENT #27 



(soeiol ogy) 
LET YOUR FINGERS 




0 THE 



If you want to clean up the envirorment - 



and KEEP it clean 



You're going to need a lot of help! 



There are officials xepresenting locals state, and U. S. 
governiBent that are available to help, but you have to know 
how to KINO then. And there are many unofficial » but im- 
portant people irtid can help IF you know where to find 

them. 

And since organizations and officials change over the years, 
what you need to learn is NOT naaes, but HOV TO FIND 'kHE 
HELP YOU NEED WHENEVER YOU NEED IT. 

THEREFORE ; 



1* Who protects water- 
ways froi*' litter? 



Who can tell you the 
LOCAL laws that pro- 
tect our waterways? 



Getting frustrated? Here's a hint: look undpr these main 
headings - the name of the city, of thecounty, of the state< 
and under U« S. Read the names of the offices listed and 
see if any "sound" right. To he sure » we can assign each 
issue to a different student and let him call when he gets 
home and ask the agency if they are the right one. Feel 
better?! Now try to figure out no. 3 - 12. 



find out who you'd eoniact Ti)DAY concerning the 
following issues, and record how you found these 
individuals. This can serv^ as^ a guide for the 
rest of your life! 



ISSUE 



CONTACT 



EXPLAIN HOW YOU FOUND 
THE CONTACT 
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ISSUE 


CONTACT 


EXPLAIN HOW YOU ! 
FOUND THE CONTACT { 


3« Who can leil you the 

STATE laws that protect 
our waterways? 




1 


^ic Who can tell you the 
FEDERAL laws that pro- 
tect our waterways? 




1 

1 
1 

i 

i 
i 

i 


5. Who s^es I hat local 
grpuuil Uciter is not 
poll ut ed? 




i i 

! 
! 

1 

1 1 


6. Who sees that local 
livers and creeks 
(surface waters) 
are not being 
polluted? 




1 } 

1 

I 

1 

1 —4 


7. Who tests water to 

see if it's polluted? 




! 

: 


8. Who ENFORCES the 

legal water quality 
standards (that is, 
who makes sure waters 
are nut being polluted 
and makes the arrests)? 




1 
t 

1 

! 

1 
1 

I 


9* Who checks septic tanks 
to see if they are 
working properly? 


1 J 

i 


— I 


10. Who could, you Jalk to 
about city garbage, 
watei and sewage treat- 
ment? 







11. Who would you report 
a fish kill to? 




— r 


12, Who would you contact t( 
get publicity and help 
on a pollution problem? 




1 
1 

1 

1 
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SUPPLEMENT #28 
A Sample Survey Questionnaire 

Introduction 

Heiio, I am in Mrs* Environmental 

Science Class* We're taking a survey concerning (class pro.lect; 

* th e use of septic tanks ♦ Would you have the time to answer 

a few quo st ions? Has anyone interviewed you before about (ex* t 
septic tanks )? 



Person 

J ntervj ewe- 


' Sex 
M/f 


Age Group 
15-20 ,21.29 !^0-59 <60-un 


h ' ■ 

Occupation 


1 Industry yot 
work for 


L 






























'1 










5 








.1 



^attached sheet 
Specific Questions: 



Person Interviewed 


Question: Do you have a septic tank? 
Yes No 


1 






2 












li 






5 
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Supplement #28 (Cont.) 



1 


Yes 


No 


2 






3 












5 







Question; If they don't want a city sewerline^ ask vhy they don^t^ 



too costly 



septic tanks better 



too much trouble 



no good reason for 
chanfeinjs; 



^Occupation 

(1) professional and technicians 

ex.: engineers, doctors, lai*yers, city planners, 
teachers, medical and dental technicians 

(2) executives 

ex.: pwners, managers of businesses and other enterprises; 
liroprietors of wholesale and retail establishments 

(3) clericals 

ex. : office workers (bookkeepers, cashiers, secretaries , 

stenographers, typists, filing clerks, corporate manager) 

(4) sales 

ex.: clerks in stores and other selling jobs such as 
Insurance agents 

(3) craftsmen (jobs that require !ikills that can only be learned 
over a period of years) 

ex.: carpenters, plumbers, electricians, T.V. repairmen; 
also all work supervisors (foreman) 
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Supplement #2S (Cont.) 

(6) operators (people whose job requires little or no 
training and the use of simple tools) 

ex^ : ditch diggers, men who lay railroad ties 

(7) service workers (people who perform services for others) 
ex« : gas station attendants, maids, cooks, barbers, 

waiters , hotel workers , cl eaners 

(8) housewife 

(9 ) unemployed 
"^^Indus tries 

(1 ) communications 

ex* : telephone, telegraph, radio, T#V# broadcasting 

(2) manufacturing * producing 

ex. : furniture, machinery, electrical supplies, food 
dnd tobacco products, clothing, tiiansportation 
equipment , books 

(3) service 

ex.: hotels, laundries, motion pic tures, medical 
setvlces, hospitals, schools, advertising, 

{k) construction 

(5) trade 

ex# : wholesale and retail; selling food, furniture, 
clothes, and r.ncluding restaurants 

(6) fi^nance 

ex.: insurance, real estate, banking 

(7) transportation * 

ex.: includes utilities (gas, electric, sanitary 
service), railroad freight 
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SIENCIL 
SUPPLEMENT if29 
The Library 

The Library can help you solve environmental pxoMems 
(if you know how to use it:) HOW can the iiUrary help? 

Let'S lake general questions you would ask if you weie 
concerneci about solving local environmental p^obiems 
T>xpy to list books available in the library ihcjt can answer 
these questions for youo 



QUESTIONS 


REFERENCES IX THE LIBRARY 


1 ^ Does an environmental proDieni 
exist in our area? What kind 
of plans does the city have 
for expansion and industrial 
growth? What factories are 
in our town? 




2, What are the laws that protect 
our environment? Who enforces 
the laws? 




3. How much does the city spend 
for environmental protection 
and improvement? What xS the 
city budget? Can the, ci'^y 
afford to pay the cost of en- 
vironmental pr ot ec ti on? Doe s 
the city, state^ and federal 
government have money to 
spend on environmental pro- 
tection and improvement? 




^0 How would I go about solving 
an environmental problem? 
What government officials 
would I need to talk to? 




Other Questions ) 

1 
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SUPPLEMENT #30 
Role - Playing 

Instructions 

Before class prepare cards with the following environ- 
mental issues on them: 

Proposal #1 - treat storni water at the city sewage 
treatment plant to remove pollutants 
plan ; use large holding ponds to receive 
the storm water; skim off oils, let solids 
settle, run through a digester and trick- 
ling filter 

interest groups - environmentalists, city council, " 

recrea tion seekers (fishermen, hunt- 
ers, sinmmers), personnel of city 
sewage treatment plant, taxpaying 
citizens, engineering firm (performs 
surveys, cost estimates, makes blue- 
prints, lays pipes, builds treatment 
facilities). Department of Natural and 
Economic Resources, Water Pollution 
Control Division, State Department 
of Public Health 

Proposal #2 • eliminate the use of septic tanks 

plan I ; annex subdivisions into the city 
plan II ; form sanitary district or water 
and sewer authority 

Interest groups - environment aiists, property owners in 

subdivisions ; sellers, installers, 
repairers, cleaners of septic tanks; 
city council, Department of Natural 
and Economic Resources , State Depart- 
ment of Public Health 

Proposal #5 - upgrade the water quality of a creek for 
the purpose of getting its classification 
changed from '^D" to »-B" 

plan ; eliminate the following sources of 
pollution: ciiy run-off, farm erosion 
and run-off, construction site erosion, 
boat pollution, animal wastes from pets 
and farm animals 
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Supple me ni r730 (Cont • ) 

interest groups - euvi r 'jiimrMU cj 1 i s t s . rurnuTs. property 

:)wner s a t oiig i tie c reek . Dypn r tmen ' of 
Xci I u r a 1 i'i n (1 E c u no m i c R s o u r c e s ; private 
rons rruc = i on and bu i Idoz ing c ompan i ts c 
ma r ma owne rs . and boa c ovtie rs , pro - 
^ per TV owners in oiry, pei owners 

Rules 

One group of studenis pick i\ pioposal (si-iit uns^^MiK 
This group becomes fhe DepaMmenr of Wirurai <nid Economic 
Resources. This group MMdstht- pijposai The tia^^is^ Then 
they stack ihe inte»esi group cartis i\jt i hv propos*;! and lei 
each of the remaining gioups draw Tiom the s(<^rk a';! 
the cards are gone. Whil^ r!ie Drparniien; or \\j ' m a i and 
Economic Resources write their complete plan i'oi thr proposal 
and prepare their arguments, ail i iie gitnip.s piepaj*^ Mieir 
arguments (reasons) in writing either fpr or aii<nnsj lue pro- 
posal. Allow approximately fi\t minuics Tor Mii^ i.roc^sse 

The Department of Natural aiuF £( ononiK Resouri, es Then 
calls a public hearing ai wliirh i he prop^'ScU and pl<rn is 
read. Each mteresT group ge^s to read the\r ar^iuments and 
discuss these in the meeting. The class vores on the pro- 
posal after all presentations cnid discussions^ Each studenr 
votes as a member of his paiiic ular interesr gioup. Earn 
member gets one vote. The Dcparimenl of Natuiai anci E(. xnoniic 
Resources counts the vo-^es and reads the decision. 

The piesentarion and discu^sjon of each proposal r^akes 
approximately 35 minutes. Tne teariif^r can «core the students 
based on how valid their ar!2umenis> are. 
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SUPPLEMENT #31 
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UNIT IV; A LOCAL STUDY OF WATER QUALITY 

Part B Plans 
Local Study - Ecjnomieal 
5-8 periods 

ABSTIfACT 

The students will learn how to investigate the finan 
i iv*] .resources available within a city for funding a com 
munity projects Having investigated these financial ave 
nues, the studenits will write a budget for their project 
finding as many potential financial backers as possible, 
and if necessary adjust the initial budget to a feasible 
cost • 
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UNIT IV: A LOCAL SlUDY OF WATER QUALITY 
Activi ty Plans (Part B; 
Preparing a Budget 
TIME: 5-8 periods 
SUGGESTED ACTIVITIES 

Activity #1 - Recognition of I'mancial Backers for the Project 
'Wijxk with the students to divide the proposal 
into iteijis that raust be paid for. Fur ex^iimple, 
improved sewcige treatment facilities would 
include laying more sewage JmeSj constructing 
a new building, hiring personnel to run the 
plant,* comiecting residents to (he nfiw lines, 
and others. Also have the students decide 
who could help them prepare iheir budget 

If possible^ invite an authority to class to 
be sure a J 1 necessary i t ems are accounted 
for (lor example a sanitary engineer would be 
an excellent resource authorityjo 11 the 
authority can't help estimate costs, point 
out to students that this situation is 
typical because of the many variables involved 
In this problem. Provide each student with 
a copy of the proposed bu(lget. 

Activity #2 - Researching Available Funds for Financing 
the Project 

Obtain a copy of the city budgets Have the 
students study this to determine how much money' 
IS available that could be used for the pro- 
jecto Question a city father (councilman, 
mayor, etCo) to investigate ail possible 
avenues for supplementing the budgeted 
amount: bonds, taxes^, etc . Also obtain 
information fro» the local health department, 
.Environmental Protection Agency, and Depart- 
ment of Natural and Economic Resources 
(offices should be nearby) on what state and 
federal money is available and how to apply 
for it« Request the students to prepare aji 
organized list of all available money^ 

Activity #3 - Revising the Budget 

The students sh,ould revise their budget so 
that it doesn't total any more than there is 
potential funding for it. Try to ge C the 
students to be realistic relating to possible 
levying of taxeSc 
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The E<|onomic^j ui ^^xr:\\:\ Con'rol 

SO YOU'VE NOTICED WE V \ ^^''<C'ffV(U'\ TO SOLVING OUR 

ENVIRONMENTAL PROBL 



AiKl it's a lough^ 

y.iij what 11 IS 



\ V \ven have to tell 



> i 



Yc<- now have /he scAeni .;'. : ' ..- .-n 'w. 
You under /land p^|. 
selfisp, lazy j^^v.m J* . 
You kniw how t o t 

good |p lans f oi s . : 

BUT ! 
YOU DXJN'T HAV1-: fnf | 



world full of 



i i |i;h > . an h i • »j you make 
|. . 'j.ifaOKi p2 obi ems; 



ill * ? so Ive environ- 
mo jiu frohlems WITHOUT IT!) 

DON»T DESPAIR! ItV^) 1 i: .fel. : il: nk I can help you 
win at least some pui rj^54-.wi» ^ . <i ? i^»i<^ - excuse me ! --dis- 
cuss -*- environmental p > :jn|.7Trr^vi *5j u^u 

iic and politicians* ! \J 



ffl y-oonscious pUb- 



LET^S GO BACK to the psy riuJ...^^ | : * s , alter all, what 

it*s all about. You woxi'i win .j^r nuuNto eijvl ronmenta 1 im- 
provement on sound logic!. is voufwiil iXn on appealing to 
INNER EMOTIONS and usincl ^h., 'R^fiin \rpW)ACH*'* What's the 



right approach? 



I 

IT * S » S * Nu'! J« 



First, when you are tivjln^? : aii 
spend the money on a pxqj^^ - 
quality, don*t be "pus>^V|'* N 



iru r Sv UieVne we should 

.vi li vmprqve environmental 



!• Ask enough ques^iorujj ^ ■ d I .ju? how ^hd other person 
reaJly feels (hf^ mii^ ci^:? r 4i ' f» \ ou / : it will make him 



5. 



feel impcJrtanL — hp'|i 
Don * t argiVfj yet. Din 
ye t , 

Accept his iXeas Wt |li 
Build his cono^^enci. 
important. He * 



J iVi kn ;w yo^ir rea l thoughts - 

It 01 dislike* 

1 i i kf. ./iu more and that's 



^: 1 ' * ^- sj;^. f y o u * 
NOW - very quiPiiy iiu5*"'ir^'v-rr3tfi v bf^iri to suggest your 



own ideas 

stupid or in any 1:4 . \ 

Always nod and smiH 

offer your own iJ?-.ii> cr.x i '?v 



never call him 
^ .M ii( * ai i v;rong. 
\ >iumcii\v^ hut more and more 
' L' - f h m to see your side* 
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Supplement s^32 IConv^) 

ANT) WHAT is YOUR -SIDE? 

Tihere are plenty of Things you can tell him. ^Ij i inc some 
exampi es: 

!• The benefits of a cU-tu: 'm cannoi he rnt<»su!v(l 

in dollars and cents. 

At Hov mur h is your gr^ worth to '.on? Poilu 

(ion cause?* sicknes even dearh. P'sii^^dps 

and othtri jioisons get m our food and vau"^. oir 
pollution »ie1s in our lunc , germs ^oi in oui wan-i 
irom run-olf and sewage r 

B, Huw much is the sight ol t ;.irul ^.I •\-^r or toi e^st 
worth? Or the pleasures • ng able to t nd a 

river cle?in enough To sviu. rish in? PJM:ll^^^»s 
kill wildlife; land abuse lic-stroys foresrs aiul 
wal ervayst 

C» How can we moral! y spoil an en\ i ruiimt rr* ki: mu^t 
leave for generations yet to oome? We n(^e<l lo 
leave them a world uncontami naxed*. 

2. Folluiion damages hea I th p lams ^ and property. 

A. Air polluUon alone costs the U. S. ($Ki,000..O<M3, 000! ) 
Bin ion Dollars EACH YEAR in damaae to human 
health, plants, and properly values^ (reference - 
The President's Council on Enviionraental Quality) 
Air and wearer pollution together cost (he n.n i on 
almost ($29? 000, 000, 000) 29 Bill ion Dollars ench 
year* (reference National Wildlife Federation) 

MORE ARGUMENTS YOU CAN USE TO JUSTIFY SPENDING THE IAXPaYKRS* 
MONEY TO IMPROVE THE ENVIRONMENT: 

5. The Wildlife Federation study says that if wc bn^iii » 
pay the cost of clean-up NOW, by 1979; we would iiave 
enough money to pay off our pasi costs of the clc-tuii 

up; 

AND BV 1980 WE WOULD ACTUALLY BE S AVI NO MONEY. 

Peop le who I ose j obs ( ?ci ent is ts and c eetini t; ia ns ) lie 
cause of factory cut-backs and shut-downs m an t iJviri 
to reduce pollution can get Labor 'Jepartraent money tot 
job-hunting riavel and moving cos is « 

5» A city doesn't have to raise taxes to ohiaiti money 
lor projects. Bonds could be sold. 

6» i^ven if taxes are raised lo pay the cost uf ilean-uj 
or to prevent future pollution this is si i 1 I i heapo^ 
than waiting for the situation to get worse and cost 
more# Prices go up more and more every year. 
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Supplement #32 (Coat.) ^ 

?• The U. S* Government is beginning to help pay the costs 
of environmental improvements* Here is a list of depart- 
ments and age. cies to write to for money- (For more 
information, see local Economic Development Commission.) 

Department of Agriculture: 

Farmer^s Home Administrations (FHA) 

Soil Conservation Service (SCS) 
Depai'tment of Commerce: 

Economic Development Administration 
Department of Defense: 

Department of the Army, Office of the Chief of Engineers 
Department of Health, Education, and Welfare (HEW) 
National Institute of Health 
Office of Education 

De}i^rtment of Housing and Urban DeveJopment (HUD) 
Dei rtraent of Interior: 

Bureau of Outdoor Recreation 

Bureau of Reclamation 

National Park Service 
Depaitment of Justice: 

Lal^? Enforcement Assistance Administration 
Department of Labor: 

Manpower Administration 
Department of Transportation: 

Federal Highway Administration 

Urban Mass Transportation Administration 
National Science Foundation 
Office of Economic Opportunity' 
Water Resource Council 
Envijonmental Protection Agency: 

Air Pollution Control Office 

Solid Waste Management Office 

Water Quality Office 

AND THOSE ARE JUST THE FEDERAL SOURCES OF FINANCIAL ASSISTANCE! 
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UNIT IVi A LOCAL STUDY OF WATER QUAI-ITY 

Parr C Plans 
Local Sxlidy - Political 
T.MEi 7-12 periods 
ABSTRACT 

Based upon a variety of activities the students will 
determine the local government 's power structure and the 
unofficial local power structure; become knowledgeable of 
local y state, and national environmental protect! on 
officers and their functions; become knowledgeable and 
skilled in gaining support of local interest groups, and 
hoy. to present a community improvement project to various 
individuals and groups • 

After the students have determined the best channels 
for presenting their water quality study and project pro- 
posalj they complete the course by officially presenting 
the proposal as planned. 

Evaluation of the proposal, based upon the responses 
pf the listeners^ and reworking of the proposal (if 
needed and time) conclude this unit « 
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UNIT IV: A LOCAL STUDY OP WATER QUALITY 
Activity Plans (Part C) 
Determining Local Power Structure 
TIME: 7-12 periods 

SUGGESTED ACTIVITIES (refer to supplements #33, #3^, #35, #36) 

Activity #i . How and to Whom to Present the Proposal To 
(approximate rime 2-4 periods) 
To determine how and to whom to present the 
nroposal, divide the section into the follow- 
ing four parts: (a) who officially controls 
water quality; (b) who governs the city; 
(cX who influences city government unofficially; 
(d) who "owns" the city (financially). In 
each part the students compose a power struc* 
ture chart. The charts for e£cb section are 
give*^ below. 

Chart A. Water quality control « use a phone book and 
references to list all official environmental 
agencies; record the information in the chart; 
circle those the proposal will need to be 
presjnted to (either in writing or ormly) 



Legisla ti ve. 
(lawmakers) 


* Executive 
(enforcers) 


Advisory | 





















Chart B. Who governa « students decide what the offi- 
cial governnental bodi.es .ire (phone book 
should help); the students should draw and 
label their power structure; an example of a 
power structure is given below (this repre- 
sents a democratic structure), 

] PEOPLE 

/ council/ — 



/ MAYOH / 
|CITY DEyARTMENT) 
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Chart C 



Who influences - students decide tiow local 
polities really work including This time all 
the ''unofficial" influences; if *]me permits 
review pasT^ major city decisions via news- 
papers to see who has previously been influen- 
tial; students should be reminded ihaX pressure 
groups change depending upon who is most 
affected by the proposal (refer bav.k to 
interest groups); the students should draw 
and label another power struct "^e ; an 
example of such is given below. 



/n ews^a pergl 



/counci 1 / 



major j 
employees} 

/ malor T^ 



labor unions ) 

zzu 



builders 
suppliers^ 
communitv planning 
gioup 




/city department! 




professional 
organi / at ions 

depart me nt s t or ' 
owners 

real estaie 



Chart D. Who Represents power in the city - ask students 
who they think would be most likely to wield • 
power or be a strong influence in city de- 
cisions (that is, what kind of people influence 
City decisions); probably the students viil 
decide that those who own the most proper tj' 
or make the most money would be the most in- 
fluential; refer to charts to determin*^ what 
groiifr(s) 'to^M^(^M'flie city and ma!ce a Ijst . 

Additional information and possible aciivii^^es 
which might be useful at this point are fc^^Spple- 
ments #33, #3^, #35, and #36, 

Activity #2 - Presentation of Students^ Research Proposal 
(approximately 3 periods) 

The students should dtoide what individuals and 
organizations need to hear their proposal?. 
Referring to the charts a scheme for presenting 
the proposal should be outlined. This might 
include writing new? articles and perhaps 
even inviting some people to class » Next the 
students should individually ^^r in small 
groups) decide who they wish present the 
proposal to. The presentations should be di 
vided in an effective but practical way<» 
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Activity #3 - 



For example, those students vho could go down- 
town after school couJd visit the city depart- 
ments and a student wno lives m a rural area 
could write news articles or draw posteis to 
gain public support. Another possibility would 
be for a group of students to prepare a simple 
leaflet for dis tribuidTon including such infor- 
mation as (l) facts and figures that justify 
the need for the project; (2) findings and 
conclusions; (5) what the public con id do to 
help . Taping the presentations cind response^> 
would be helpful, especially in the evaluation. 



alua tion 
iNOte; Since this is 



the last uuii 



time 



should be allotted for evaluation (by dis- 
cussion) of the course and suggestions for 
improvement • 

An evaluation of the effect of, and response 
to the students* presentations can be effected 
by the students relating their experiences, 
followed by a class discussion* If time per- 
mits, the students may want to rework their 
proposal based upon criticisms and overall 
responses received during? .the presentations* 
Whether or not th^ students' proposal is 
implemented may hinge on many controllable 
and uncontrollable variables (it would be 
good to discuss this in class)* Also point 
out and discuss the fact that many community 
projects never are implemented (try to get 
this across without destroying the students* 
con.'-»'dence or faith in citizen action)* 
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SUPPLEMEXT ^rV^ 

Bibl iography - Pol iticai 

Archer,; Seiifrs , 1968. RAIN, RIVERS AN'D RESERVOIRS, 
C()Ur)j r! McCari!!, Inc.^ Ke\\ York. 

Ay'lesworri), riioraas 0., 19bb, OUR POLJ.UTEI) WORLD, Atnerican 
Efliu at ion Publ axion^ Midd letown, Connee ticui ^ ohOo 6 
Ic slat j on . 

BACKUkOl'XD INFOBUTION ON WATER POLLUTION CONTROL, MniU" 
lurtniing Cht:niists Association, Washington, D, C, 

Hixby, WiMium, 1971 > A WORLD YOU CAV LIVE IN, David McKay 
Co., I nf. . ^ New Vork^ chp , Governmenr Action - Good 
anri Bad 

Bregman^#. i 1 , and Sergei Lendormand, 19^0, POLLUTION 
PAKADOX, Book, In';*. New York and Washington, chp^ 12 
(iover ftme nt Control of Water; oIh;. 1^ Government GoalSo 

Cai 1 le [ t , Gt esi M- , Paul et te Setzer, and Mi Iton Love , 1971 , 
EVKUY Man's guide to ECOLOinCAI, LIVING, The MacMill'an 
(;oni{;fMiy. New Yoik^ p pgs . 96-99- 

CLEAN WATER IT'S UP TO YOU, Izaak Walton League ol' America, 
J 970, Glen view. 1 1 1 inois. 

Council on 1 nv j i otnnenr a 1 Quality, BNVl RONMENTAI. QUALITY - 
1970, V S . Government P»'int 1 ng 0 f f j ( e , Washing ton , 
D, C. p- 13y pgis 19-28 federal (ontrol; pgSo ^5-59: 
pgs 3'i ' 59 > 

Council un Envi r '>nmenr.i 1 Quality, ENVIRONMENTAL QUALITY - 
197 I / U . S ^ Gov ernmem Pr mt mg Of f ic e , Washington , 
D C . . pgs, 10^18; pgs. 9^^^95 ^egai miction; po 155; 
p ^ ^00 mom tor mg 

Coun(il on En w ronmeii ta 1 OuaJity, THE PRESIDENT'S 1972 

F.NVI RONMENTAL PROGRAM, U, S. Govi:rnmen', 'Printing Office, 
WasFi I nii t o n , U» C . 

Darling, P leaser and John P, Milton, 1966, FJTURE 

ENVIRONMENTS OF NORTH . ^lERICA, The Natural History 
Press ^ <<arden City<, Nsw York, 

ENTIRONMEN lAL CRISIS: WHAT YOU CAN i)0 , Natio.ial Education 
4sso(iatiun, J97i^ Washi rig co i. j D. C. guidu to political 
acnviTies 
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Goldman, Marshall I., 1967, CONTROLLING POLLUTION, 

Prentice-Hall, Inco, Englewood Cliffs, New Jersey » 

Hartke, Vance, 1970, YCU AND YC ..I SENATOR, Coward-McCann, 
Inc., New York, difficult but informative reading. 

Helfrich, Jr., Harold W*, The Environmental Crisis, Yale 
University Press, New Haven and London, p. 99 use of 
courts; p. 1^43 wet land usage; p. 171 federal 
government. 

Hill, Gladwin, OUR TROUBLED WATERS: FIGHT AGAINST WATER 
POLLUTION, Public Affairs Committee, New Yoik, pgSu 
3 0-24. 

Johns, Will, 1965, ESTUARIES, Niitioiiai WMdiife Federation, 
Washington, D. C. deals mainly with eons erva tion » 

Leinwand, Gerald, 1969, AIR AND WATER POLLUTION, Washington 
Square Press, New York, pgs. 

MaoMullan, Ralph A., 1968, THE CASE AGAINST HARD PESTICIDES, 
National Wildlife rederation, Washington, D, C. pgs. 4-5. 

North Carolina Department of Water and Air Resources, 
LAWS OF NORTH CAROLINA RELATING TO WATER AND AIR 
RESOURCES, The Michie Company, Charlottsville , Virginia. 

Ottinger, Betty Ann, IVHAT EVERY WOMAN SHOULD KNOW. . . 
E. P. Press. 

Van Dyke, Henry Thomas, 1972, OUR ENVIRONMENT. PATHWAYS TO 
SOLUTION, Ginn and Co», Lexington, Massachusetts. 

TAPES: ALL FROM; THE CENTER FOR CASSETTE STUDIES, INC., 
Hollywood, California. 

IHE SALT IN OUR BLOOD 321796 

should government regulate what's put into the seas 

ECOLOGICAL POLITICS #22079 

SUING FOR A CLEAN ENVIRONMENT #26303 

FILMSTRIPS 

POLLUTION CONTROL, Ward's Ndtural Science Establishment, 
Inc., New York and California 

ENVIRONMENTAL CRISIS: WHAT THE INDIVIDUAL CAN DO, The 
National Education Association^ Washington, D, C„ 
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SUPPLEMENT 7t35 

Si lit! Oiii Workshee t - Pol 1 1 ic al 

Directions: Use tlie l>ib j lography (political), the phone 
book, and any other available references in 
answerl ng tlje que s tions giv en . 

1, Find out who is on the local and state water pollution 
control board Uhar iSo who sets water quality standards 
and who enf ore es the wate^r quality laws ) - 

2. Find our about rhe "1^99 Refuse Act".. It's written up 
m Our Troubled Waters: Ihe Fight Against Water 
Pollution by Giddwiu Hill Respond to the fact that 
'\some pJaces" are discharging directly into our rivers I 

3o Arrange to have someone from the Army Corps of Engi- 
neers talk to the class about their function in main- 
taining water quality, or research and report to the 
' lass your own f i ndingSo 

h.. List all the locals state, and federal agencies in- 
volved m water pollution controlo 

5» Who IS the Mayor of our city? Does the Mayoi -jve 

a responsibility concerning the quality of our city's 
drinking water? (You might wish to have an individual 
or group interview with the Mayor , ) 

6o InIio are the local politicians in our city? (count)'- 

comniissj oner . State representative, congressman^ etc-:)^ 
Give the responsibility of these local politicians and 
the roie ihey play (onceining local water quality c 

7o List names and addresses of our district state repre- 
sentatives. Write each a letter asking for his stand 
on mai itaining environmental qu;?lityo Ask also for 
his vo 1 1 ng i ccord on environmental bills « 

8, linci 0!it when the tity council meets and who the mem- 
^ et s are Can we go? 

9o Find i'Ui when ihe county c onmii ss loners raeeto Who are 
I he c ouirty commissioners? Can we go to a meeting? 



181 



FILMED FROM BEST AVAILABLE COPY 



SUPPLEiMENT #3 6 
The Power Structure 

To The Teacher 

Each group of students make a chart like the one given 
bel ov . Each group brainstarms to make a list of environ- 
me lital agencies • Each group should write on the cha rt thos e 
ag^nities named* After several minutes all groups should 
siwwe their results and then repeat the process for the 
g.'Vernmental agencies (local, state, federal) they should 
be aware of as environmental activists. Again share the 
results. Do this one more time, requesting each group to 
list alJ interest groups and ciubs They should be awiue ol 
in terms of their own class project* Now request the groups 
to write and draw arrows to groups indicating the steps' 
they would take to solve their class project utilizing all 
available legal channels as well as unofficial influences. 

CHART 

The Power Stru cture 
Environmental Agenci es 



i 



Governmental Agenci es 



Unofficial Influences (clubs and their interest groups) 

□ [Zj c: 
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n.*- 1 (*i I f 1C> 



SiEN'CIL 
SLFPJbMEXr ifM 
f EiivM 1 oiim«iitcii Qiui'iiTN Control 




WHO Din \0U SAY 



SHOULD CONTACT??" 



77^ £ 



y'lET'S FACE IT - BEING AX ENVlRO>fMENTAL 
1ST raeans never having lo say 
re BORED: 

('*know wha'^: I mean?*') 
No. you douU • - • UNLESS you've 
become an env i ronraent al activist 
(thai's someone who doesn't sit 
arounti ami Kiing his hands, crying 
"doom and gloom, we're all dying 
cough, cough" you know the type ) 



from nov 



This s(Jk)0^; uoursc is almost o\'er and > 

on >uu ' i - )n your own. 

So wha I are YOV goi iig t J do? : 
Please (Kur i u-i us d . Keep on moving those mountains* 
YcJ I I'M.acst. Push tjardest. it's a hatrle: you against 
"Ihem^^ (and sou Know who **them" ares ihc^so ^vho don't care; 
or vv^.>n^^ icHt^ ur .who care* hut won'x DO). 
Here s«)m** t i na i sug^^^est i ons for ihose of you who have 

the louiagp and r.oiu'iction to do wha v needs lo be done: 
pioie^ f and pif-.-er** our I'lagilt naiiiral environment-. 



HEED THIS 



(Ml 



aoing to have to worJc with the system.. 



if >i/a 'wcwp 0 he hf-ardo Thar is< loilow The right Jegal 
chann«:,l^ Mm J Wf- n-^w have for solving Oi env i ronme nt a i 
j.rohnms* help you understand what 1 mean, let's take 

an e nv^i 1 .>niiu ni al {.robl^m as an example and follow the pro- 
per sicpfe., jAi solving it: 



PROBI;EM 



Somecjur is dumping a si range, colored waste into a 
drcJinagf. d i i (. n atid > ou are observani enough to notice it. 



8« 
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Supplemeni jf-'hl (Coni . ) 
SOLUT I ON 

Which of the f o I 1 owi ng wou Id you do? 

a. Cdll the County Health Department 

b. cal I the mayor ^ 

c. call the State Dt^par tmeiit of \'atural and Ecoiiomio 
• Resources "help line" 120-'800-622-7308 

d. call the City Director of Public Works » 

call the Chamber of Coniineroe to find out the names of 
local environmental t^roups and then contact them for 
he 1 p 

r. iollect a sample of Ihe^ waste and take it to th*? Hea.lth 
Department and to the Board of W<u er and Mr Resources 
(state governme nt agency ) 

t M I 1 oi* write the S ta 1 offi(;o [iw Rijleiph) and the 
Kederal office (in Washington, D.C*) or the Environ- 
mental Protection AgenCN* (KPA) 

h» (^ali or write the Department of tho Interioi , Bureau 
of Sport Fisheries and Wildlife (there is usually a 
distiict office near you; ask the ojierator) 

K call or write the Rjjv j r onmenta I Protection Agency or 
the Department of Natural and Economic Resources and 
ask tliem the names of Environmental Actior* £f:roups in 
your area yoU can contact for help 

Which did you select: a? d? f? a? Or couldn't you 
decide? 

Know what 1. would do? I'd call all NINE ! Why? BECAUSE 

FIRST • I don't trust people to get things done and the 
more people I contact, the greater the chance of 
someone solving the problem. 

SECOND - Few of those people you call will take the responsi- 
bility for solving the problem. 

Please list here all the professionals (te'' what office 
they hold) we used in class for our project. Circle those 
you learned the most ir mi 
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Supplempiit ^^37 (Cont.) 

Now ihc-n you've goi xhp professionals supposedly working 
on the problem, do you relax? 



Write le Iters to t he 1 oca 1 
newspaper explaining what 
you saw and what is wrong 
wi rh j T . 

ONH: MOKh FHIMG 

NKVRR; iVFJVER helieve anything anyone tells you. Always 
Talk" tw as nianx peofiie as you <MUi, read as muoh as vou can 
(in ncwsptipers; maf^a/i n<^s, tiie libra^ry) and then decide for 
VOUHSKLF ul);n is l rue , 

AXIJ IF NU) o' will help you, do rhis: 

K Form a tommio'ee oi people who feei the same way you do 

ofrcMi "hifse will he penile who are hurt in some way by 

ih<? problem ( 1 . ke if it is a polluted stream, fisbemen 
\VillM>e on your side), 

2v Write news .articles and talk door-to-door to convim^e 
people of what you want* 

3. Try io get as many influential people on your side as 
you ( an, 

•'u Oftrn. you can persuade the officials to see your si'ie 
if you (an give them a petit-ion with as many signatures 
as y i)u (-an get, 

5, Pi<cp<iip a questionnaire to find out what the citizens 
in town want and liow much they know. This way yo- will 
know ihc kind of people you are dealing with. 

Look the al)ove 5 steps over and circle the ones we used in 
class on u«n project. 



xo ^ 

Keep calling them to find 
out what vhey are doing! 
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Supplement #37 (Gont..) 
AND ALWAYS ; 

1. ^Write your congressmen and let them know wha^ is impor- 

tant to YOU: clean water, clean air, trees, xirildlife, 
etc.* Suggest laws you think should be passed. 

2. Get involved in your local government. 
I RUN FOR office] [gO TO CITY COUNCIL 



MEETINGS WHEN YOU 
'have SUGGESTIO^NS 
OR need help 15 
STOPPING A 
POLLUTER 



{read THE PAPER SO 
I YOU WILL KNOW WHAT 
IS GOING ON AND GO 
TO PUBLIC HEARINGS 
TO MAKE YOUR 
lOPINION KNOWN 



"ASP IF YOU CAN'T GET ANYONE TO HELP^, YOU - IT YOURSELF 
:tF YOU CAN - THEN LET PEOPLE KNOW YOU DID IT (write letters 
to the editor) 

C LEAK UP AN ILLEGAL DUMP PICK UP LITTER PLANT GRASS TO 

HALT EROSION DO ANYTHING, my friend BUT '' 

DON'T 

EVER 

GIVE 

UP 

I t ! ' — ' 
... ^ 

It can be a happy, beautiful world IF only 
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STENCI L 
Pre-Post Test 
now MUCH DO YOU KNOW ABOUT WATER QUALITY CONTROL? 
ANSWER EITHER 1 or 2: 

1, Pollution! It has been a hot rainy Augusts Thpr^ ^ a 

thick green scum covering the surface of the 

River:. Fish are beginning to die o " 

a. What is the scum? 

b. What caused the *'scum" to appear? 

c* What part does the rain play in causing the pollution? 

d. What is causing the fish to die? 

What part does the heat play in causing the problem? 

2. An elderly man describes his boyhood experiences stirimiug 

in the river near downtown He describes 

the river bottom as sandy and filled with oysters and 
delicious clams* 



BUT: 

A geology professor went skindiving off river bank 
this past summer and describes the river very differ- 
ently! He says the river bottom i.^ black and oozy« 
That it is so cloudy near the bottom you cannot see your 
hand in front of your face. He also says tnere are no 
oysters and the one type of clam that does live down 
there cannot be eaten. There are only that one type of 
clam and^ worms living In the ooze. 

a. Is there a pollution problem? 

If you think so, name the pollutant (s) in the 
river* 



b« Why canH the clams be eaten? 

ANSWER c and d only if you answered "YES" to "a" above: 

c« Think back to what the elderly man said, then to 
what the geologist said* What is so different now 
than a generation ago that caused this pollution to 
change the river so much in a generation's time? 

d. Where did the pollutants you named in a and b 
above come from? 

POLLUTANT SOURCE 
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3# Everyone must answer no* 3: Solving the Pollution Problem. 

For the questions you answered (either #1 or #2) also 
answer t^e following questions by filling in the chart 
with the information asked for. 

SOLVING THE POLLUTION PROBLEM 

Here is an explanation of the chart you fill in for question 
no. 5# 

COLUMN 1: 

POSSISle solutions - List as many different ways as yov can 
think^-of to solve the pollution problem in question #l^i>r'* 
#2 depending on which you answered^ Explain specifically 
how to go about carrying out the solution. In other words, 
write a plan for solving the pollution problem. 

COLUfDf 2: 

PROBLEMS YOU WILL ENCOUNTfiR - For each plan tell what the 
hangups or obstacle;k..jR^ight be that may stop you or make your 
plan hard to carry out. 



COLUMN 3: 

HELP! • Name the people or groups that you could count on 
for support or assistance and explain how each would help. 



COLU^LV hi 

THE ENEMY • Name the people or groups that would be against 
you and explain why they would want to stop you. 
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ANSWER EITHF.R ur 5^ 

Pish kill! It has been a pleasanxly cool week and yet 
fish are seen floating on the surface of the river. 
. The officials have examined every possible polluter 
in and near that may be dumping pollu- 

tants into the rxver.. No source has been uncbvereda 
What do you think is causing the fish to die? Explain 
your reasoning;* 

5^ Park rangers are concerned because the wildfowl that 
nest in the marshland along the National Seashore are 
not reproducingo An examination of their nests show 
many crushed eggs as well as tiny dead ducklingSo 
Studies perlormed on the fowl show quantities of DDT 
in Iheir bodies » But no DDT is used along the National 
Seashore ^ Explain completely how the DDT got into the 
wildfowl o 
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ANSWER SHEET FOR PRE -POST TEST 

NAME: DATE: • 

Ansver sheet: HOW MUCH DO YOU KNOW ABOUT WATER QUALITY CONTROL? 

Write your answer for either 1 or 2. Be sure you number it 
correctly (#1 or #2) 

No. a. ] ^ 

hi ; ' 



e. 



2b 



POLLUTANT (name above) 


SOURCE OF POLLUTANT 


1. 








2. 








3. 













No. 3 See next page 

Write your answer to #k or #5. Be sure you write in the 
correct number. or #5) 

No. 
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No. 1. a. 

b. 

b. 
d. 

e. 

No. 2. a. 

b. 

c. 



KEY FOR PRE-POST TEST 
algae or algal "bloom 

too many substances — f ert i ii:r.ex'S , swage, deter- 
gepts - with nutrients like phosphates and ni- 
trates entering the water 

the rain will wash these nutrients into the 
waterwayj as a result of the rain, air pollu- 
tants will also enter the waterways; treated 
sewage is piped int o the river 
the algae are overpopulating beciause of the 
abundance of food; some of the algae will die 
and aerobic bacteria Will begin to* feed on the 
algae, this process is speeded up si gni-l'icantly 
so that eventually tlie available oxygen is used 
up and the fish die 

naturally the algae will grow better under warm 
conditions and also this i\a 11 cause a reduction 
in the amount of available oxygen 

yes, such things as silt, raw sewage, bacteria, 
fertilizers and industrial wastes are probably 
present in the water 

the water probably contains such pollutants as 
industrial wastes, fertilizers, raw sewage, silt 
heavy metals, pathogenic bacteria, DDT, pesti- 
cides and consequent 13=^ so do the clams 
the changes in the river may have ha^jpened 
because (l) there are many more fact pries, in 
operation; (2) there are mpre people and as a 
result more pollutants; (3) people/s attitudes 
toward their environment is one of apathy; 
(k) different customs and lifestyles exist to- , 
day that have created complex problems 

POLLUTANT SOURCE OF POLLUTANT 

1. industrial industries dumping un- 

wastes treated waste water con- 



2. 



3. 



raw sewage 



fertilizers 



silt 



taining chemioa Is into 
the water 

aerial spraying , farm 
run-off or soil erosion 
inef f icie nt sewage t rea t 
ment plants ; water front 
homes which do not have 
sept ic tanks ; farm 
animals 

farm run-off; soil 
erosion 
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POLLUTANTS 
heavy metals 



SOURCE OF POLLUTANT 
industries releasing the ir 
products directly into 
the water 

untreated human sewage 
entering the water 
insecticides being 
sprayed near waterways 
and soil erosion 
farm run-off and soil 
erosion 



pathogenic 
bacteria 
DDT 



8. 



other pesticides 



No* 3 The following answers are for question number 1, 
Possible Solutl ons 

lo water treatment for stormsewer water and s.ettling basins 

2. eliminate the sources of pollutants vAiich are causing 
the algae bloom 

3. have pesticides (those that create problems) banned 
build better sewage treatment plants as present effluent 
might be providing nutrients for algae growth 

5^ require all residents on waterfront to have septic tanks, 

and enforce this, requirement 
63 limit the use of nitrate and phosphate fertilizers 

Problems you ^11 Encounter for each solution 

la would cost too much money to build a new plant and 

settling basins; taxes would have to be increased to get 
the revenue; special persons would have to be trained 
to operate the plant 

2» finding out just which industry is actually adding the 
pollutants; getting the support of the genoral public; 
getting Ihe general public to become active about the problem 
finding other ways or methods of eliminating pests; 
getting people to use natural controls; getting indus- 
tries^ to do more research on effects of certain chemi- 
cals in the environment 
-^^getting the support of the people; raising the money 
necessary for another plant; making, the public aware of 
future problems which could arise 

5^ making people aware and knowledgeable of effects of 
dumping raw sewage into waterways; getting people to 
abide by the laws; seeing that local health officials 
enf9rce the law 

60 getting the- support of farmers and industries that 
make such fertilizers; getting the public's support 
for such a law 
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HELP 
1 



5. 



6. 



the nevs media (newspaper, TV, radio) by bringing bdth 
sides of the issue to the publicj fubiic meetings could 
be held at which citizens could listorV-to experts dis- 
cuss the issue; educate the public; involve politicians 
in getting a bond passed to provide the necessary funds 
involve conservation groups^ concerned citizens, stu- 
dents in trying to locate source of pollutants; the news 
media (newspaper, TV, radio) could present the problem 
to the public; local and state air and WcVfcer resources 
.persons 

ihvblve conservation groups; educate oitixens about effects 
of substances and alternatives; gain support of the 
farmers; the news media (radio, TV, newspaper) could 
present specials about the problem 

involve local organization such as the Jaycees to get 
public attention; utilize the news media; involve oon-^ 
servation groups: educate the public -about the needs 
health officials by showing and educating people about 
the effects of the pollutants; Department of Air and 
Water Resources could give detailed information; Ipcal 
conservation groups could gain public attention; news 
media could present differing viewpoints 
Department of Air and Water Resources could give data 
relating to effects of f ertifclizers ; local conservation 
groups could. give public attention; news media could 
present the differing viewpoints to the public 



THE ENEMY 
lo city 
much; 



2. 



5. 

6o 



council - cost too much; local taxpayers - cost too 
downtown businesses • burden of expense would br 



local town residents 

install adequate filtering and treat- 
would be expensive; unconcerned citi- 
interested; local officials - too 
to enforce 

they need these substances in order to pro- 



Upon them, same 
industries - to 
ment facilities 
zens - just not 
difficult 
farmers - 

duce crops; fertilizers and pesticide industries - 
their business will be threatened 

local officials - too expensive; taxpayers - they'll 
assume much of the cost 

water front residents - too expensive; local officials • 
too difficult to enforce 

farmers - they need these to produce crops; fertilizer 
industries - would effect their business 



Nop 3^ The answers for question number 2 do not vary that 
much from #1, thus refer to the previous (#l) 
answers • 



IT' 



19^ 



ERIC i 



FILMED-TROM BEST AVAILABLE COPY 



No. The following are sample answers : 

"The DDT from farm run- off may be carried to the 
marshland by the river since it is. not biodegradable^ 
Also migratory buds that return to the marsh in the 
spring to nest may have picked it up somewhere else 
^> or have eaten fish from that area," 

"The pollution level hns been building up over the 
years « The f i sh hn ve taken all the pollutants into 
their bodies th/it they can take e So they die. Farm 
run-off can r^Jso be one of the pollutants. Pesti- 
cides and other chemxtais as well as silt have been 
washed into the rivei*. People used poor conserva- 
tion practices.," 

\ No. 5* The following are sample answers; 

"farmers sprayed crops with DDT; it rains; rain 
washed DDT into water; water reaches seashore; 
birds and wildlife drink water and eat sea life; ' 
DDT is now an their bodies- — -or sprayed insects 
build up resistance and wildlife eats the insects; 
the whole process is indirect" 

"The DDT is used in the field and is transferred to 
the air and then to the ditches by rain« The ditches 
carry the DDT to the rivers and these rivers empty, 
into the marshlands i the ocean. The DDT con- 
centrates ^nto smaller fish and then to larger fish* 
The wildfowl eat the fish and the DDT concentrates 
much mors in them ausing the egg shells to be 
fragile and to easily break, causing the ducklings 
to diec Only a few survive o" 



195 



FILMED FROM BEST AVAIIABLE COPY 



APPENDl XES 



r 



FILMED FROM BEST AVAILABI^ COPY 



3: 3 -J 

^ m CJ 
•-so 

o ^ 

3 \ 



•r: H 
c o o 

3 C Cf5 

r* << C 
O 

(A 

<^ o: O 
B «^ 

o rf a 

9 ^ 

r?) 3S 



t O 
C O S 3^ 
(10 C 

a; o 
o* c 

a S 

(A 

m ST J 

CO (A 
O <t 



O 

c 

(A 

O 1 

a ji 

O 



/-» ?» tA 

#^ <r» 

o O fiJ 

a> o s 

3 a 

» C3 5; C-i. 
S w 
f^«< Or 

fi) a 

n ^ 0) 



cr C: 
c *^ 

CO 

o ^ 



o 

*t5 



<A •-4- a* 



*w ^ 

(A 



3s: 



S <^ 

a 



i-^ fij 

<t o :3 w 

as 3 

i-*^ a o* i-f 

j& w c: s'' 

5 ^ 

0 07 (A 
>^ H 

1 OO ! 



O 3; H- flj 00 

s a 

:5 (*i ttJ 5 
cr CD 

3 3 



' 3 ^ 

O 
I 3 
I 



a H ^ . 

3 Mra^ 
<^ o 

O M o 
c C M 
O M rf 

O (A 3 
C rf(K 



wo 

M H 
3 

a 09 

3 

O 

(t CD 
(A 
O H» 

p. a 
c H*a 

3 

H< (0 

3 3* 

cm 



CD 



o 

CD 



o a 

CD 3* 



c 



N OS 
M 3 



C 



t: c cr 

C? 3 D 

05 o 

fc-? ^ a H 

cf £L n> 



< tA ^ 



3* 



M (A 
< O O 
M rf C 
O 

O* 3 » 
<t w 

a ^ 

*1 0? M 



3* <ti <t 



3 3 



cr <t> 

<^ r^- 
3* 

C 

O ^-t3 
CL £ O 
3 <^ W 

(fc -rf CD 
(T O 
v< Cj •C3 3 

a » 

CP 02 
C H' C 
M 3 



r* 



0? (t 09 f» O 
V) 3 r-> l-» 
rf r>> ^ 

<t (ii ^ c 
CA a« 0^ 

<t s: 

^ tz 

^ (t B ^ 

*^ tr CA (A 

cr to 
^ M 

N 

<^ %i CD P*^ 
CA « 
(P 03 M 
3 a rf 
•5* (P %> <!> 

c a 09 

M O: o CO 

c t 



fi* « o to cr 09 

wf-w3 -w-3 w 



as 

*^ 09 



^ 3* 
09 09 O 
CD 3 



o: 



ri 

o cr 
o; 



tt) 0? :C 

O H-» 

a o 09 

C 3 

5^ 1^ #-4 

09 

r*. :^ its 

ft C3 C 

^. r*- 

3 09 C 

0) 

3 

to v: 



^2/ < 



FILMED FROM BEST AVAILABLE COPY / 



-J. 



r- a B 

D < 13 

CO CO 
O CO 

CO ^ 

o 

< £5 

CO :2 

rr CO 

O CT 
t 



rf CO 
C O 



CO 

o 












i 

i 




t 




i 




1- 




1 





b 6 

a . 
CO Q> 



3 



O CO 

c+ ^ 

CO » 
03' O 

s 

CO 



CO c- 

O D 

o CO 

O H- 

o 

CO a* 

CD Q} 
CO 

CO CO 

' C 

o o* 

H) Pi 
(D 

O I 



O 

rf 3 CD 



O CD 



D CO 
C C 

3 o Oi 

CD , c+ 

HJ Q} 03 

CO 

O rf 
Hjt3 O 
CD 



CD H- 
CO r»-t3 

) O O 



CO 

C 3* 
73 (D 

o *o 

c^- O 
^* C^. 

CD 
O O 
O* rf 
rf 

03 rf 
H- O 



CD 

H- 
D 
O 
M 

Si 



a 
o 

CO 



0) o' 

pi a 

CO 



c 
o 



CO 



♦3 03 H- 

c+ S 03 
0^0 




05 t3 

CD rf' 
»^ O O 

<J Pj 
CD (D C 
^ 3 

c 

CD 

CD 03 
CO 

CO r+ 
O CD 

a 

CO 



o 

o 

CD 
CD 



o o ^rJ 03 
CD o cr 

03 CO T5 
3 <D CD O 

CD ^ 

P* C+ I 

Q O C t3 
C D 

O o 
J» rt Wj 
0) H- 

D St O CO 

a CO :3 CD 

n- 3 3 03 
3* c OP (m 

CD CD 

c+ O 
CD H5 03 

H- CD r+ 
CO D 

3 ?r 3 

O CO I 



CD 

CO 
H- < 
CO o: 

TJ 

O CO 
O 

O 

03 O 

Pi CO 
CD 

3* C 

CD <D 

CD rf 
03 

3 a 
^ »^ 

O* 03 

CD H- 



CD 

3 ^ 

c :3 03 

rf O CO 

H) O 



a < 03 

CO 
H- 
O 
S3 
CO 



CO 
CD 

o o 



03 

n 03 



3* 

CD 

CO 

c 
o* 
pi 

< 

CO 
^ H- 
H O 
H- 3 
H- CO 



0 ^ 


03 


c 








CO 




Pi 0 


CO 




H- 




3* 




Pi 


CD 




0 








CD 


3 






0 


rf 


03 


CO 






<r^ 


a 


CD 










03 




/-* 




i* 






! 





I. 




^ Is; 


T5 




0 












CD 






•5 








3; 


CO 


0 


r. 


?r 0 - 










CO X 


























•< 


Cf; 
»- 










►-t 










h- 










0 


n CO 







»- CD <^ 

I CO E 
0: 



! o 



O O 
^ O 
CO 

CD h 

^ ?rv"D 
< ^ o 
o »— 

^. CO C5 
£0 
CO 

CD H- 
03 H: 

5^ 



o *c 

CD C 
C CD 

< J— CC 

0) 23 

rt CO H- 

CD CO 5 

3 3- 

3* H- 

CD 3 

Pi o 



C3 50 

D CD 
CO 
O 

>S 

H' ^ 

^ O 
(D 
^ CO 
CD ^ 
CO 



hb ft) 3* O 

CD 

Us; C^- CO 
O CD <T> 



C CO 

03 'O C 

c* O 
2; 3* CD 



C H. 

o 

3 



CD 



O 

H- O 



D CD CO CO 

Pi 

O *tJ 

O Ci3 M. 3 CD 

3 T r-^ CO 

6 •H- CD 3 

3 3 ^ O 

M- CD 03 rf Hi 

CD 3 rD 





< Hi CD 


0 


D Pi < 


CD Hi 0 Hi H- 


0 a* ^ 03 


03 


03 ^ 


0 




H) H-* w03 


<J 0 CD — ^H. 3 




rf 


rt- 








0 r»- CO 1^ c+ CO 




CD 


CD 03 


j«r CD 


^ D 03 CD 


3 r*' rf- 03 c*- 


0 CD ^ 




^ CO 




CO 


03 1^ 


OD CD :y :y ri- ^ co 






O* <^ r*^ 




03 ^ H- H- CD 


CD ar 






CD 


3* CD 


03 


09 .H- CO 0 


03 CD CO pi 




0 <^ 


rf 


CD 




3* ^ 


B ►Q. DC 


ft H< cr 0 


CO 


M 


<^ r* 




CD {>r 


05 S C a* 


^ 03 




H-* H. 


CD 


H- 






H- 03 0 0 00 






C CO 








cf 0 


oa D a H) H( 


crl- CD H-* H- 




r»- 








03 0 


0 (m H-^ a> 


3* 0 Pi 




CD D 








S C 


C » rf 03 pi 


H.«l3 Hi 




CO 0 




03 








CO H-* .-0 












CO Pi 


0 H)>^Hi M :3 


CD CD CD 








c 






CD H- ^ oq 






rf rf 




CD 




0 o* 


CO 6 ^ ^ 


0 




3* 3* 








H) CD 


0 3* 0 03 03 03 


C 03 0 03 




CD H- 










Hi H- C P 


r-'V; H- 3 




CO 








<^ o* 


3 CD CD pi 


a 












3* C 


aaQ ci* »^ 1^ 






3 0* 








CD H- 


TJ 


-J 0 rf cr 




03 0 












JO fc— CD 0 




C^- Pi 




0 






3 ^ CD 


C/) Hi* P, P, 




0 ^ 




C 




0 


PC 03 >S H' 


SO ^ 












a 


H- 3 C ' ' » 






0 




a 






3 Pi CO 0 
















OP CD Hi 





Is-/ 



I 
i 
I 
I 

i> 

o 



o 



2: 



o 

52; 



FILMED FROM BEST AVAILABLE COPY 



25 CD O 3* 

3 ^ O 

W O C 

— 3* C 

c ^ o 

CD O 

O S 

CO 



o 

3 
< 

O 



7. ^ 

3 CL? 



05 ^ 

O ^ 
CD 

cr 

ft) 3 

CO 

o 

3" O 

3 CO 

t 



O 

cc 

CD T 

CD 

o 51; 
3*3 

3 CO 

3 c 
CD 3r 

i-» CD 

N C 
05 !-» 



3 

CO < 

2! ^ 
O 

3 5 
'3 D 



ts: »-s o 

rr 0: CO 

j:: CO 

23 3 
3 r* 

3r <:t 



O 



'3 CTJ 
CD 



3 O 
3 ^^ 

0) 



3- 

2) 



■3" (D 
CD *^ 



3 3 CtJ 2; 



a> c 
o 



N o 3 



3 

c o o ^ 

3 3 H> < 



CD 



27 

3 3 

o o 

C/3 O 
3 

C/3 3 

C H- 

O CD 



H- J— CO • 
(C 3 22 

3 o v; <! 
-1 n 2} 

3 2; cc 

(T> •> O 

C3 *^ 3 

<rl O CD »— 

3 c+ CO 

o n. 

2: O (D 
23 3 C O 

C c+ <r*- 
>^ 3* 22 O 
2) CD M-O:} 
H-» 3 H 
CO 



3 r* 
< 3 23 
2: 

iH- 3* 



3* < 

CO ^ 

3 Cfi 

CO 

Q 

cr o 



^•3 3 

n o 
<: »^ 

H- 3* 



3 'Jl 
3* 3. 



3 

CD 3 



O 
I 



^ 2) 
2; CO 



3 I 



a> w 



{f> 3 
3. < 

M- 

O 
3 

6 3 
3 CD 
3 3 



c 



t 





N 




CO CO 


^- a 


:o 




CO 


3- cr 




Hi 










< 0 


3 


X 


3* CO 


C CO 






C 3* 










en 3^ 




•3 


2? D 


Ul 29 


to 














3 CD 


2: 2) 


CD 


^ CO 


rf 3 








CO 


2. 








a 


C 




00 *HJ 




M. 


a 2j 










3 


0 


r*^ C 


H? 3 


CO 


M- 


S 3 


CD 




3. 




2; 








3* 


c 


CD 




3* <T> 


CO 


CO 


CO 


3 0 


3 


3 




ft) 


0 C 


3* CO 




3* 


0 










3 








3 a 




0 


^ 3* 


CO 0 


0 


c 




•-0 










Hi 




(D 3* 


















3" 


2) 




cr 


3 rt 








a 










C 


< 




c »— ' 


H) rf 




^ <0 






N' 












3* >1 03 


m N 






CO 


X < 


2^ 








« 




CD 


a 3 


< rt /O 


CO 


3 .-«- 


a 


7» 2: 


r4 


0: 














3* ^ 

^ *^ 








w— 




0 


0 


^3-3 


TJ 


3 


< 'O CO 










0 


3 




H) 3 


3 3 




• p- 


3-^ 




c^ 




3* 






23 




23 5 


03 


C 


0 M 


c a 




0 




^0 














i-b 23 






^ »->. 




03 












CO 0 


CD 




^ 3 




0 




3 3 


3 


C* CO 




CD M 








H- 3 3 




3 3 




3 3- 


c 








a H. 




rf 3* 03 






3 




C 










N 






CD OQ 






3 0 




C <r^ 








<^ 


CO 2; 


•-5 




CD 


3 








3 3r 3 






>*' 


«rr 

3 >— 


it 














<o 


se 






J 


















Q CB 




3 






^ Z 
















»^ J 





J-* CD < OQ Hi 



3 J-* CD 

3 O GO 

<0 

Hb 3 O 

»-* CO M< 

O 3 

CO 



3 CO 



3 w 
3 



3* 7» 3 r4 ! 



>^ CO 
CD H. 

c 

CD O 
3 
rf 



CD 

CO.. 

M act- 

03 O 



3 

CD GO 
3 



3 M 

^ 2 

CD 3 
M 3 

CD 3« 

C 

03 < 3 (0 
3. 3 ►-t 

C CD TJ 
M O C 
Hi H-> CD 

>1 M 3 

< C rf 
CO c+ CD 

3 O 

o 3 

Hi CO 
3 3 O CD 
3TJ 

CD CD 

0) H. 
w O 



CD 3 
< 

CD GO 

3 CD 



;rCD CO 
3 w(D 
O CD 

< Stj 

O 



O* c*^ CL 



(» CO 



c 



3* _ ^ 

CD < 3* CO H- 

O H- O 3 

(0 M O < rf 

►-b ^ O 
Hi r»- c*' CD 

H-i Q) O O 
C H- 3 TJ 3* 

P?*TJ »-* CD 

3* M CD 
CO O OQ 

o TJ a ^1 

CD O O 
HJ 3 C 
- 3 



3 
3 

CO 3 



3 
CD 

3* 

CD 3 

e» 3- 

H» CD 



O 
O 

CD 



3* 



' O CD 

» 3 < 

' n CD 

CD S 

.0 



c 

CD 
3 

rf 3*^ 

3 
O N 
3 3 
3 ^TJ 



CO 
CD 



FILMED FROM BEST AVAILABLE COPY 



^ H» D C? C i-f • 

>^ 3 -3 w .-^ 3 C 

CiO; CD <t> rr :n 

fi; CD D »— » CI5 *^ ^ CD 3 

CD 

CL H- Qi W 



CD 
O* CD 



cn OS 



3- 3- C '-^ D 3 



£3 3* O 



(D 09 23 



O H- 3 



CD 



CD 3 w 3*^ o 



0? o 



^ 3 

w CD CD 

3 ' 3 



l-» C3 CD 'd 



C Or 



CO 



CO ® 



>-jOHj3'f0CD3'-SC:O 



C- CD 

a> <t £1; >r 
CD r> .W H- 



3 n a H. 

O c<- c+ O 3 CD W 



H*' ^ O ^ CD 

vC; V- 3 



CD C 3 ^ ^ 

— ^ 3 n> 23 O 3* 

2:<H-Dn-3a)O03 
CD ^ f ^ CD 



*f3 ?r ^- r*- C C3* CD 3* CG rD r*- 



CD £? 



^ JD 



o c w 

-4 Q ^ c *^ 3* 



3 C« OJ CD CD X 



cn rf 
cf O 



C; 3 O ^- 



H'(/;'rr3"3Ci HO <r'^H-'3<^ 



2? O 



CD Q C- C -+ 3 



0} 



CD 



Ct;2:3'3 (ftC'trJ-CDCfi^O:; 



I 

r3 CD c 



CD t 3 * -a 3 3 



23 CD 
CP 



^ Q .-4. 

2;^Ca«CfirJ' CC<»/'3<-*'CDc* 

fD CD 3" 3* 

•X' 3 3 2: ri- Ct 

09 CD H 

O cn 
t 2) 



fjo 2: o 
Cfi -4 3* CC 



:0 









01 






5% C 




r-* 




o 




c 


3 3 3^ 










2; 


r-f C O 








3 


3 


J-* 


CJi ^ ^ 


6 








2} 


H 


CD CD H' 








3 






^ 22 2j r*- 




cr 


r* 


cr 




3 cn 05 3* 








25 3* 










c 




3 


c 




(ft 3 <^ 


2J 


o 




a c 






05 c-^ or 




3 




3 






^ 3* CD 










r» 




c a CD 


w 






3 3" 






C^ 'TO 


3 












3* 3 ft C 


















2; 






w 




3 H. c 




/-« 






o 




C a CD 




w. 










23 




3 




CD C» 






Hi 05 '-f- 






CO 


t2 






3* O 3 
H. o 




r* 


c 


23 23 


& 




(7Q CD 3 
3* & < 




O 


25 


i-f ?^ 


3 








<^ 




<?♦• 




CD ^ CD 








Hj § 


CO 


























a: 









CD H-0»C H-CD H^C'^D 0) 

3 3^3 3 3 0 >w.3 

< C CD -f < H 

IU.H-M3CH. 03CDCL 

^ w. ^ Hj c 03 HJ H- 
CC3MH-0'^3H'a) 

3 '-^OQ 3* 3 v; 3 CD 

g H'^ vT) g 3* 05 D 



CD 3 



CD CD *C? 



CO 



3a^oc<323cr*'fl) 

C O 03 r+ H* 3* J 
CL33H- f+H-»(Drv 



2: rf cf CD 2: 3* C 



3 H. H. Hj HJ 



0333^^52^232:05 



0«5 C C 3 



3 3 



a»3 ^ 





a 




c+ ^5 










3- 05 


3 


CD 


o 


CD 


CD »^ 


09 


1 


o 


M 


a 








CD 


o 


to 




09 


22 


c . 






CD 




CO 


CD 



< 3 J 



cDocv:car+cD3 i 

C C CO CO ►I 0^ I 



I 



OMMto:3O3*O0^ I 
3 (TQ Q) V; CD I 

CD - ^ ^ 5S I 





^ 13 0*0^5 


O 


H- 03 


rf 


CD CD. 


to 


to O CD — ' 


Hi 


3 3 3 w 


O 


03 O'w jH 








0^ 05 o 


cf 3 CD 


> 


CD 


CD M 23 CD 


CO 




to 


CD CL o 






c c o 


to 


cf 3 3 CD 


M 


O M 3* iO 




^ cf CO O 




O to rf CO 




cf ^ o to 


3 


to H' (D 3 


c+ 


C»u 09 C 


CD 


CO CD CO 3 Ic/: 


to o o 




a O M 3 


CD 3 






CO 3 o 3 


3 


CD O rf 


< 


rf Q* CD 




CO 


^ H, H. 


to 


CO Hi w 


H- 


3* O O M 




3* 


O 




cf ^ 


>^ 


H' H- 




CD 


03 03 CD CO 


CO 


to T3 H. 


O 


C0|3 N 




09 


3 3 <• MO* 


C c+ O 3 




|0 < 03 






Q* O* CD CD 


C:> CD h- 


3 


<|cf 03 cf 






3 


CO 


cf M H. 


CD 








M CO 




H. 3 3 


3 


^ c o 






O H. c S 




O CO cf O 


cf 


3 to-3 






09 M 03 O 




3 o to H{ 




o cr 






09 H- M ►I 




3 3 CD 










03 CD 




CD rf to 




to CD CD 






O Cf H- 




< C^ 09 CO 




< t W 






Hi H- 3 09 




CD CD CD 




CD 3* < c 






O O C 




3 CO CD 




to CD 






CO 3 ^ H> 




rf . N-* 




O Cf cf cf 






to CD Hi 




C »-» cf 




S3 09 






M O to CD 




03 ^ CD 










Cf Hi Cfi i-t 




M to H< 




rf to H- 






CD 




a 1 









FILMED FROM BEST AVAILABLE COPY 



APPENDIX II 

Pub i 1 sb e r * s Add r ? ssgs 



American E^iucation Publ ioa iioit 
Xn . vx Education Division 
55 High Street 

Middle town 9 C onne c 1 1 u u i Obh 5 7 

B'-! ri anti ne Books . Inc . 

101 Fifth Avenue 

.\r/>v York^, Yo IOOO3 

Tlie Center for Cisser* - Slud: hi^ > 
6110 Webb Avenue 

North Hall>^\'Ood, Cal 1 f ornia 9^605 

Coward-McCann, Inc o 
200 Madison Avenue 
New York, N« Y. 10016 

David McKay Co^,, Inc 

750 Third Avenue 

New York, Y, 10017 

Ginn and Company 

Boston, Massachusetts 02117 

Izaak Walton League of America 
Glenview, Illinois 60025 

John Hopkins Press 
Baltimore, Maryland 21218 

The MacMillan Co^ 

866 Third Avenue 

New York, N, Y. 10022 

Manufacturing Chemists Associations 
1825 Comiecticut Avenue, N^W^ 
Washington, Ca 20009 

The Michie Company 
Charlottsville, Virginia 22902 

National Education Association of the So 
1201 I6th Street, N,W. 
Washington, D« Cc 2OO36 



201 



FILMED FROM BEST AVAILABLE COPY 



National Wildlife Federation 
1^12 I6th Street, N*W* 
Washington, D. 20036 

Natural History Press 
Doubleday & Co* 
501 Franklin Avenue 
Garden City, Y. 11530 

Pendulum Press, Inc* 

West Haven, California S*5550 

Prentice-Hall , Inc , 
Engiewood Cliffs 
New Jersey O7632 

Public Affairs Committee, Inc* 
>81 Park Avenue South 
New York, N* ¥• IOOI6 

Rowo Peterson and Co# 
Evans ton, Illinois 6020^ 

Scientist's Institute for Public Information 
30 East .68th Street 
New York, N. Y* 10021 

Scope " 
Room 702 
911 Walnut 

Kansas City, Missouri 6^106 

Superintendent of Documents 

S* Government Printing Office 
Washington, D. C. 20^02 

University l^f Wisconsin Press 
Box 1379 

Madison, Wisconsin 53701 



Viking Press y Inc. 
625 Madison ♦Avenue 
New York, N. Y. 10022 



Ward^s Natural Science Estaf>rishment , Inc# 
P. 0* Box 1712 
Rochester, N. Y- 14603 



Washington Square Press 

630 5th Avenue 

New York, N* Y. 10020 



202 



FILMED FROM BEST AVAILABLE COPY 



Val e Uni versi ty Press 

New Haven, Connecticut O65IO 

Xote: this is a partial list of publishers. Tf you 

find that a needed address is missing, caJl your 
publ ic 1 ibrary • 



203 



